Suburban Heat Islands: The Influence Of Residential Minimum Lot Size Zoning On Surface Heat Islands In Somerset County, New Jersey by Cox, Jennifer Renee
City University of New York (CUNY) 
CUNY Academic Works 
All Dissertations, Theses, and Capstone 
Projects Dissertations, Theses, and Capstone Projects 
2-2014 
Suburban Heat Islands: The Influence Of Residential Minimum Lot 
Size Zoning On Surface Heat Islands In Somerset County, New 
Jersey 
Jennifer Renee Cox 
Graduate Center, City University of New York 
How does access to this work benefit you? Let us know! 
More information about this work at: https://academicworks.cuny.edu/gc_etds/28 
Discover additional works at: https://academicworks.cuny.edu 











SUBURBAN HEAT ISLANDS: THE INFLUENCE OF  
RESIDENTIAL MINIMUM LOT SIZE ZONING ON SURFACE HEAT ISLANDS  
IN SOMERSET COUNTY, NEW JERSEY 
 
By 




A dissertation submitted to the Graduate Faculty in Earth and Environmental Science 
in partial fulfillment of the requirements for the degree of  




























JENNIFER RENEE COX 









This manuscript has been read and accepted for the 
Graduate Faculty in Earth and Environmental Science in satisfaction of the 





      Mr. William D. Solecki, Ph.D.  
_________________________  ______________________________ 
Date      Chair of Examining Committee 
 
      Ms. Cindi Katz, Ph.D. 
_________________________  __________________________ 
Date      Executive Officer  
 
 
Mr. Allan Frei, Ph.D. 
 
 
Mr. Yehuda Klein, Ph.D. 
Supervisory Committee 
 




SUBURBAN HEAT ISLANDS: THE INFLUENCE OF RESIDENTIAL MINIMUM LOT 
SIZE ZONING ON SURFACE HEAT ISLANDS IN SOMERSET COUNTY, NJ 
by  
Jennifer R. Cox 
Adviser: Professor William D. Solecki 
 
The process of suburbanization blurs regional bounds, forms mega-regions and fosters the 
expansion of multifaceted environmental problems, such as the urban heat island (UHI) effect. 
Defined by differences in air- and surface- temperature between rural and urban areas, UHI is the 
result of the characteristics of urbanization which modify the land surface condition, urban 
geometry, thermal properties of construction materials, anthropogenic heat and air pollution, 
which increase storage and re-radiation of heat to the atmosphere. Climate change is predicted to 
worsen the UHI effect. Hence, the objective of this research to characterize the UHI effect as it 
pertains to suburban and exurban development patterns, which are neither low-density rural nor 
high-density urban, yet the dominant landscape pattern in America’s mega-regions.  Using multi-
resolution remote sensing data, this dissertation describes the geography of the surface urban 
heat island (SUHI) effect across the New York Metropolitan Region’s urban-rural continuum 
and the influence of residential minimum lot size zoning regulations on the Normalized 
Differential Vegetation Index (NDVI) and Brightness Temperature. The study area for this 
research endeavor is Somerset County, New Jersey. An inverse relationship exists between 
NDVI and Brightness Temperature, where increases in vegetation and tax lot size reduce 
Brightness Temperature; and therefore UHI Intensity. However, utilization of a cumulative 
 v 
metric, such as net thermal flux by tax lot, is critical to illuminate the role that suburbanization 
has on the expansion of regional environmental problems. The Landsat ETM imagery combined 
with tax lot data provide an efficient and effective method for assessing the cumulative impact of 
suburban development in the study area and evaluating mitigation techniques to lower urban 
heat, save energy and facilitate reintroduction of natural elements into urban environments.  
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Chapter 1 1 
CHAPTER I INTRODUCTION  
 
There is substantial evidence that human activity affects climate at all scales (IPCC, 
2013). Modification of the local landscape by urban or landscape planners, designers and 
builders has an effect on the local climate (Chandler, 1976; Oke, 1987; Rosenzweig, 2011) and 
since, the local climate is part of a dynamic global system, cumulatively local climate affects the 
regional climate and regional climate in turn affects the global climate (Brown, 2011).  The most 
widely studied modification of the local climate is the excess warmth in the urban environment 
as compared to its’ rural areas (Landsberg, 1981; Gartland, 2011; EPA, 2013). This heat 
discrepancy is due to differences in the relative surface cooling rates between urban and rural 
areas (Oke, 1987, Voogt, 2004, EPA, 2013). Hence, the term ‘urban heat island’ (UHI) has been 
selected to describe these elevated air or surface temperatures observed over urban areas (Lowry, 
1977), which appear as an “island’ in the pattern of isotherms on a map (Voogt, 2004).  
Initially observed two hundred years ago in London (Howard, 1833), UHIs occur due to 
the replacement of natural green surfaces with non- evaporative and impermeable urban 
materials with high heat capacity and low solar reflectivity, such as concrete structures, asphalt 
roads and metal surfaces (Reed, 2010) and are characterized by a high level of absorption of 
solar radiation, with a greater capacity for thermal conductivity as compared to natural surfaces 
(EPA, 2013). These non- evaporative and impermeable urban materials and surfaces contribute 
to increased surface waterproofing that forces precipitation into catch basins and reduced the 
potential for evaporative cooling (Gartland, 2011). Additionally, complex urban geometry (i.e. 
building heights, canyon widths, and spaces between buildings) traps heat and reduces wind 
speeds through urbanized areas (Unger, 2004; Chen et al., 2009). Finally, urbanized areas 
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generate new waste heat due to increased energy use (Oke, 1987; Akbari et al., 2005; 
Shahmohamadi et al., 2011), which in turn has increased air pollution due to increased 
emissions. The intensity of the effect is driven by city size, the intensity of development and 
level of human activity taking place in a given area and may be regulated by topography, 
geography and synoptic weather (Gartland, 2011). UHIs expand as a result of urban 
development, which expands the ‘island’ or ‘dome’ of warmer air in urban areas (Stone and 
Norman, 2006).   
Table 1 Land Development Type, Population Density, and Percent of New York 
Metropolitan Region 
Source: RPA (2008) 
In the summer, elevated temperatures in urban areas increasingly affect communities’ 
environment and quality of life (EPA, 2013; Mackey, et al. 2012). UHIs are exacerbated by 
increased energy consumption due to increased demand for air conditioning, which overburdens 
the electricity grid stress during peak periods of demand (Akbari, H., 2005; Rosenzweig et al., 
2006; Shahmohamadi et al., 2010 and Shahmohamadi et al., 2011; Sailor, 2011) and leads to 
elevated emissions of air pollutants and greenhouse gases, which in turn promotes ground-level 
ozone formation (Oke, 1997; Akbari, H. 2005). These effects compromise human health and 
comfort (Stone et al, 2010; Tomlinson et al., 2011) and during extreme heat weather conditions 
UHIs contribute to increased mortality rates, which have been observed in cities such as Chicago 
Type of Land 
Development 
Population Density 
(Inhabitants per square mile) 
Percentage of NYMR 
Natural Areas Less than 25 2.97% 
Rural Areas 26 to 150 28.71% 
Exurban Areas 151 to 500 31.68% 
Suburban Sprawl Areas 501 to 2,500 23.76% 
Dense Suburban Areas 2,501 to 10,000 9.90% 
Urban Areas Greater than 10,000 2.97% 
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(Klinenberg, 2002), Paris (Dhainaut et al., 2004), and New York City (NYCDOH, 2006).  Lastly, 
these elevated temperatures impair water quality because the excess stormwater is heated by hot 
surfaces before discharging into aquatic systems (James, 2002). It is not surprising that 
mitigating and managing the UHI effect has become a major objective for the fields of planning 
and urban climatology in order to reduce its contribution to other environmental problems. 
The United Nation’s World Urbanization Prospectus, the 2011 Revision indicates that 
more than half of the world's population now lives in urban areas instead of rural areas and in the 
future 70% of the world’s population is forecast to live in urban areas by 2050. As a growing 
number of inhabitants have the potential to be impacted by UHI effect, mitigation of the effect 
becomes a critical endeavor (Rosenzweig et al., 2011). The classic distinction between urban and 
rural areas is based on the assumption that the urban areas provide a different way of life and 
usually a higher standard of living than rural areas (United Nations, 2012). The process of 
urbanization is related to modernization, industrialization and the sociological process of 
rationalization as it relates to the country’s predominant settlement pattern (United Nations, 
2012).  Countries around the world were once all predominantly village cultures are rapidly 
being replaced by a predominantly urban culture. The last major rationalization of the settlement 
pattern occurred when the hunter-gathers shifted into villages many thousands of years ago 
(United Nations, 2012). 
In the United States, cities such as New York City and Chicago experienced the process 
of urbanization prior to the 19th century (Hayden, 2003). Urbanization created extremely dense 
urban living conditions that impaired its inhabitant’s health and safety, which inspired urban 
planners to lead progressive movements to improve these living conditions through the 
regulation of local buildings and land uses (Hall, 2002; Levy, 2003). These progressive 
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movements supplied an assortment of innovative ideas and important concepts to guide suburban 
living in the Unites States and in the New York Metropolitan Region (NYMR). These 
progressive movements (Hall, 2002; Levy, 2003) included ideas and concepts such as ideal 
suburban communities (Stein, 1951; Hall, 2002), ‘region’ planning (Geddes, 1915), land 
preservation for recreation and conservation needs (MacKaye, 1921), and finally new laws to 
regulate this future development (Levy, 2003).  
Figure 1 Percent of U.S. Population to Cities, Suburbs, and Exurbs  
 
Source: Stutz and Warf (2008) 
As a result, the United States is associated with being the first country in which the 
majority of its population lives in the suburbs, rather than in urban or in rural areas (Stutz and 
Warf, 2008). Beyond the suburbs, an increasing number of Americans are residing in exurban 
areas along the edges of metropolitan areas. These low-density exurbs offer their inhabitants an 
escape from the higher costs of land, housing, utilities, taxes, congestion, and crime observed in 
suburban and urban areas of metropolitan areas (Stutz and Warf, 2008). Figure 1 depicts three 
types of areas, which include urban, suburban, and exurban, that Americans are generally 
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residing in during the time period of 1850 to 2050. Over this time period, Figure 1 denotes an 
obvious shift in the types of areas that Americas are residing from urban areas to suburban areas 
to exurban areas (Stutz and Warf, 2008). 
Figure 2 Urban Development within the New York Metropolitan 
A. Extent of Urban Development 
 
Source: RPA (2008) 
B. Population Density
 
Source: RPA (2008) 
 
The land use policies and zoning regulations led to extensive development of the NYMR, 
which caused the urban-rural periphery to relocate from approximately 1-mile outside of the 
island of Manhattan in early 1800’s (Hayden, 2003) to its current position approximately 75-
miles from the island of Manhattan (RPA, 2008). Figure 2.a illustrates this extensive 
development trend. During this period, the size of residential lots and homes has increased 
considerably (Hayden, 2003). Beginning in the 1990s, the rate of suburban development began to 
outpace the rate of population growth (Pendall, 2003). Researchers determined by 2001 that the 
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average developed land per person in the NYMR was one acre per person. This was ten times 
greater than it was in 1965 (RPA, 2008). Table 1 presents the current percentage of the NYMR 
population living in urban, suburban, exurban, and rural patterns of development (Census, 2000). 
Figure 2.b illustrates the regional pattern of development.  
The result of municipal zoning regulation, land use policy has led to increasingly 
extensive development and in turn blurs the metropolitan boundaries generating new economic 
geography referred to as ‘megaregions’ (Florida et al., 2008; RPA, 2008). First observed fifty 
years ago, the Northeast Corridor (Gottmann, 1961, RPA, 1967) is now one of eleven 
megaregions present in the Unites States (Florida et al., 2008). The emergence of these new 
megaregions has led to increasingly multifaceted and interconnected environmental problems 
(Stone, 2010), which include the UHI effect. 
Over thirty years ago, Price (1979) noted that peak temperature-based measurements, 
such as the urban–rural temperature differential (defined as urban heat island intensity) fail to 
reflect the magnitude of urban heat islands caused urban development. In a study of the ten 
largest New England Cities, Price (1979) indicates that temperature differentials, which are 
shown in Table 2, do not capture the excess power radiated per capita (defined as urban heat 
island magnitude) as a result of elevated temperatures in urban areas. In Table 2, the temperature 
differential of three cities (Syracuse, Providence and Waterbury) are equal, however the excess 
power radiated per capita varies due to each city’s population density. Based on Price (1979), 
Stone and Norman (2006) rationalize that Syracuse has more dispersed low-density patterns of 
development as compared to Waterbury. Hence, the total land area in Syracuse is exposed to 
greater elevated surface temperatures and by extension, the volume of the heat island or the 
dome, which is a volume subject to elevated air temperatures is many times greater than 
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Waterbury. Stone and Norman (2006) deduct that the average quantity of land developed to 
support a single Syracuse resident is three times as great as the per capita land requirements of a 
resident of Waterbury. 






















New York, NY 7,895 547 14,433 17.0 40,000 5.07 
Syracuse, NY 197 6.5 30,307 10.9 417 2.12 
Providence, RI 179 48.2 3,714 10.9 3,190 17.82 
Worchester, 
MA 
177 5.1 34,706 11.5 327 1.85 
Hartford, CT 158 26.2 6,031 15 1,770 11.2 
Bridgeport, CT 157 14.2 11,056 12.1 954 6.08 
New Haven, 
CT 
138 5.8 23,793 11.2 372 2.7 
Albany, NY 116 3.7 31,351 10.3 227 1.96 
Stamford, CT 109 3.2 34,063 11.2 202 1.85 
Waterbury, CT 108 1.2 90,000 10.9 74 0.69 
Source: Price (1979, Tables 1 and 2) 
A review of the literature (Voogt and Oke, 2002; Arnfield 2003; Shahmohamadi et al., 
2011) indicated a significant number of studies focus on UHI Intensity, which correlates with the 
city size (Oke, 1973) using a classic bell-shaped temperature profile of the monocentric city 
(Burgess, 1924) even though Price (1979) concluded that compact cities with higher population 
densities equates to lower excess power radiated than dispersed cities with lower population 
densities. Additionally, Stone (2004) resolved that lower density development is associated with 
increased resource consumption, specifically higher levels of impervious cover and energy 
consumption per household, which are also two characteristics of urbanization driving formation 
of UHI effect. At smaller scale, Stone and Norman (2006) examined the excess power radiated 
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per tax parcel (tax lot) and concurred with Price (1979) that the magnitude measure is more 
relevant to urban planning and design. Stone and Norman (2006) found that increased amounts 
of excess power radiated is associated with the design of larger residential lots sizes due to 
increased amounts of impervious surface and lawn areas as compared to smaller residential lots. 
I believe that while its important to understand what information can be gleamed from UHI 
intensity measurements, its critical to isolate the influence of land use policy on surface warming 
to mitigate the root causes of UHI formation via the modification of specific municipal zoning 
and subdivision regulations.  
Approximately 4 million new inhabitants are forecast to reside in the NYMR by 2050 
(MTA, 2009) and increase regional energy demand, a critical question becomes: how should 
planners accommodate future inhabitants in sprawling lower-density, compact (i.e. smart 
growth) high-density or trendy infill developments? The current literature cited only a few 
studies focus on this question (Price et al., 1979; Stone and Rodgers, 2001; Wilson et al., 2003; 
Stone and Norman, 2006). A gap in the literature is revealed although, more than 65% of the 
land area in the NYMR is categorized as suburban and exurban landscapes; and the current 
development trends are toward exurban living conditions (RPA, 2008). This literature gap raises 
several questions, which are as follows:  
• What is the spatial extent of the UHI effect in the NYMR? 
• What is the intensity of the SUHI effect in the suburban areas of the NYMR, which are 
neither high-density urban nor low-density rural?  
• Does the intensity of the SUHI effect vary among the suburban areas of the NYMR, 
which maintain a range of moderate-densities? 
• How does minimum lot size influence the intensity of the SUHI effect in suburban areas? 
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• How does magnitude measure differ from an intensity measure of the UHI effect? 
To investigate these questions, this dissertation combines high-resolution GIS data with 
multi-resolution remotely sensed thermal imagery to determine the intensity and magnitude of 
the UHI effect in suburban areas of the NYMR. 
 
1.1 STATEMENT OF RESEARCH OBJECTIVES 
The primary objective of this dissertation is to describe the spatial extent and magnitude 
of the surface urban heat island effect as it pertains to the suburban areas of the NYMR. The 
secondary objective is to describe how suburban land use policy influences the UHI effect in the 
suburbs of Somerset County, New Jersey. 
To accomplish the primary objective, exploratory analyses are completed utilizing 1km-
resolution weekly daytime and nighttime Land Surface Temperature (LST) data from the 
Moderate Resolution Imaging Spectroradiometer (MODIS).  The UHI intensity is examined 
under three land categorizations: by rural-urban grouping, by the RPA (2008) six land 
development categories and by municipality.    
To accomplish the secondary objective, two land use analyses are completed. The first 
analysis employs raster based land use land cover (LULC) data to describe the statistical 
relationship between the normalized differential vegetation index (NDVI) and the brightness 
temperature (TBrightness). This analysis reveals the limitations of LULC classification to represent 
land use policy (LUP). Therefore, the second analysis employs vector based tax lot (parcel) data 
and zoning regulations, specifically minimum lot size requirements to describe the statistical 
relationship between the NDVI and TBrightness; and goes on to characterize how the minimum lot 
size requirements of the minimum lot size requirements influence the NDVI and the brightness 
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temperature. Finally, the second analysis captures the net excess flux of sensible heat energy per 
tax lot. The net excess flux is a measure of magnitude not intensity.  
Several null hypotheses include:  
• The measured Land Surface Temperature differences will not depict spatial variability 
within the suburbs of the NYMR.  
• There is not significant statistical relationship between Brightness Temperature and 
NDVI for different LULC categories.  
• There is not a significant statistical relationship between Brightness Temperature and 
NDVI for different residential tax lot sizes. 
• The residential lot sizes will not significantly influence the average Brightness 
Temperature and NDVI.  
• Larger low-density residential lot sizes will not have greater Net Thermal Fluxes as 
compared to smaller high-density residential lot sizes.  
This dissertation employs a variety of publically available and preprocessed geospatial 
datasets. Satellite data is chosen from two sensors to provide to investigate the problem of the 
surface urban heat island at multiple scales. Supplemental datasets are used to capture the 
relationship between LULC and LUP on NVDI and TBrightness in suburban areas of the NYMR. 
This dissertation focuses on the suburbs of NYC due to the long history of 
suburbanization. It is assumed suburban areas are not all the same; and therefore, it’s necessary 
to capture the suburban settlement patterns that are present. This work is important in order to 
curtail the future expansion of the UHI effect from its root causes and establish countermeasures 
to mitigate the existing effect.   
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1.2 STRUCTURE OF THIS DISSERTATION 
The remainder of this dissertation includes: a literature review, the study area, data and 
methodological approach to the research, an exploratory analysis of the regional UHI effect as it 
pertains to suburban landscape, a LULC analysis, and a land use policy analysis, and the 
conclusions.  
Chapter 2 provides a literature review of the urban heat island effect, how it is defined 
and what cause the effect. In addition, Chapter 2 introduces the role of land use policy and the 
importance of accurately communicating land use policy’s role in the expansion of the urban 
heat island effect.  
Chapter 3 introduces the study area, the data, and the methodological approach employed 
in this dissertation. The methods take advantage of utilizing multiple remote sensing datasets 
with a range of resolutions to investigate regional and intra-regional variations of the surface 
urban heat island effect as it pertains to the suburbs of NYC. 
Chapter 4 provides an exploratory analysis to present the regional context of the 
NYMR’s SUHI effect as it pertains to suburban landscape. The study area for the exploratory 
analysis is the NYMR. The chapter utilizes weekly 1km Moderate Resolution Imaging 
Spectroradiometer (MODIS) remote sensing land surface temperature (LST) data.   
Chapter 5 provides the main research analysis and discussion. These analyses focus on 
the suburban county of Somerset, New Jersey (Somerset).  These chapters utilize 60m resolution 
thermal imagery and 30m to generate NDVI from Landsat 7 ETM+ program. The first part of the 
chapter describes the statistical relationship between LULC, NDVI, and TBrightness as observed by 
remote sensors on satellites in space. The second part of the chapter describes the statistical 
relationship between suburban land use policy, specifically the minimum lot size requirements 
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within zoning regulations of the Somerset’s municipalities, NDVI, and TBrightness. Further, the 
second part of the chapter statistically characterizes the influence of minimum lot size 
requirements on the NDVI and TBrightness.  The final assessment is to describe the excess flux of 
heat energy by minimum lot size requirement of residential zoning regulations.  
The dissertation concludes with Chapter 6, which contains final thoughts, limitations, and 
the implications of this research as well as a discussion of the opportunities for future research. 
 
1.3 KEY TERMS 
 The following terms will be discussed in this dissertation.  
Energy Transfer 
• Advection - is a transport mechanism of a substance (or a pollutant) in a liquid or gas due 
to its bulk motion. 
• Convection - is the transfer of heat energy through the vertical exchange of air masses, 
which only occurs between liquids and gases due to fluid motion. 
• Conduction - is the diffusion of heat energy within an object due to the collision of 
rapidly moving molecules. 
• Radiation - is the transmittal of heat energy though empty space by electromagnetic 
waves. 
Urban Heat Island 
• Urban Heat Island - is a phenomena documented as having higher air temperatures in 
urban areas as compared to the air temperatures in nearby rural areas. 
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• Canopy Layer Urban Heat Island - is defined as higher air temperatures in urban areas, 
at the surface layer, which is the area between buildings and below the buildings’ 
rooftops.  
• Boundary Layer Urban Heat Island – is defined as a dome of warmer air temperatures 
above the average building heights in urban areas.  
• Surface Urban Heat Island – is the relative warmth of the land surface typically 
captured through a remote sensing.  
• Urban Heat Island Intensity – is a peak temperature-based measurement, such as the 
urban–rural temperature differential. This differential can be captured for municipalities, 
land uses, zoning regulations or another other administrative or political boundary.   
• Urban Heat Island Magnitude – is an areal summation of the excess power radiated 
(defined as the excess flux of sensible heat energy) within a geographic boundary as a 
result of elevated urban temperatures. These urban temperatures can be captured by 
administrative, land use or political boundaries and therefore linked to population 
density. 
Urban and Suburban Development  
• Urbanization - is the physical growth of urban areas as a result of rural migration into 
cities. 
• Suburbanization - is the physical growth of suburban areas as a result of public policy to 
improve dense urban living conditions in United States. This physical growth is generally 
administered through compliance with zoning districts and land regulations that have 
been generated by an authorizing jurisdiction. In the United States, this jurisdiction is a 
municipality. 
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• Land Use Policy – also known as land-use planning, is the term used for a branch of 
public policy seeking to order and regulate land use in an efficient and ethical way, thus 
preventing land-use conflicts. Governments use land-use planning to manage the 
development of land within their jurisdictions. The governmental unit can 
comprehensively plan for the needs of the community while safeguarding natural 
resources. To this end, it is the systematic assessment of land and water potential, 
alternatives for land use, and economic and social conditions in order to select and adopt 
the best land-use options (Young, 1993).  
o In the United States, the terms land-use planning, regional planning, urban 
planning, and urban design are often used interchangeably, and will depend on the 
state, county, and/or project in question. 
• Zoning Maps and Land Regulations (Zoning) - are tools for implementing land-use 
policy and land use plans, zoning regulates the types of activities that can be 
accommodated on a given piece of land, the amount of space devoted to those activities 
and the ways that buildings may be placed and shaped (Barnett, 2004). 
• Land Use – is a description of how people utilize the land and socio-economic activity 
(Young, 1993). Typical land uses include residential, commercial, industrial, 
transportation, agricultural, or protected open space to name a few uses. The term is often 
used to describe the distinct land use types in zoning map and land regulations. The 
method for capturing land use data is by field survey recorded in Geographic Information 
Systems.  
• Land Cover - is the physical material at the surface of the earth. Land covers include 
impervious surfaces, grasses, trees, bare soils, water, wetlands, etc. There are two 
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primary methods for capturing information on land cover: field survey and analysis of 
remotely sensed imagery. At any one point or place, there may be multiple and alternate 
land uses, the specification of which may have a political dimension. The origins of the 
‘land use land cover’ term and its subsequent confusion are discussed in Fisher et al. 
(2005).  
• Land Use Land Cover – is the term of associated with the land cover data products 
captured using remotely sensed imagery and then supplemented with land use data 
(Lathrop, 2004).  
• Urban Sprawl or Suburban Sprawl - is a complex concept centered around the 
expansion of auto-oriented, single-use zoning and low-density development on 
greenfields a.k.a. agricultural or vegetated rural areas (Reid et al., 2002). With many 
negative connotations and critics, urban planners have introduced new development 
concepts or alternatives opposed to sprawl, some of which include: Smart Growth, 
Compact Cities, transit-oriented development, bicycling- oriented development, and 
pedestrian-oriented development.  
• Urban Areas - - is a population density based land development typology produced to 
categorize census tracts containing a population density greater than 10,000 inhabitants 
per square mile for the American 2050 Program’s Emerging Megaregions Map (RPA, 
2008). 
• Dense Suburban or Inner Ring Suburban Areas  - is a population density based land 
development typology produced to categorize census tracts containing a population 
density between 2,500 and 10,000 inhabitants per square mile for the American 2050 
Program’s Emerging Megaregions Map (Regional Plan Association, 2008).  
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• Suburban Areas - is a population density based land development typology produced to 
categorize census tracts containing a population density between 501 and 2,500 
inhabitants per square mile for the American 2050 Program’s Emerging Megaregions 
Map (RPA, 2008).  
• Exurban Areas - is a population density based land development typology produced to 
categorize census tracts containing a population density between 151 and 500 inhabitants 
per square mile for the American 2050 Program’s Emerging Megaregions Map (RPA, 
2008).  
• Rural (or Agricultural) Areas - is a population density based land development 
typology produced to categorize census tracts containing a population density between 26 
and 150 inhabitants per square mile for the American 2050 Program’s Emerging 
Megaregions Map (RPA, 2008).  
• Natural Areas - is a population density based land development typology produced to 
categorize census tracts containing a population density is less than 25 inhabitants per 
square mile for the American 2050 Program’s Emerging Megaregions Map (RPA, 2008).  
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CHAPTER 2 LITERATURE REVIEW 
 
The adoption of the 1916 Zoning Resolution gave the City of New York its ability to 
control land use, population density as well as a mechanism to develop the undeveloped land in 
the city. After the adoption of NYC zoning regulation, Edward Bassett drafted the Standard 
Enabling Act for the State of New York, which was later adopted by most states in the U.S., 
enabling a state's municipalities the ability to enact similar zoning laws (Levy, 2003). This led to 
the creation of municipal zoning regulation that enables developers to subdivide rural areas into 
suburban residential areas in home rule states, like those in the NYMR.  With hundreds of local 
governments in the NYMR, a ‘defacto’ regional land use policy caters to the dominantly 
suburban landscape observed today. With minimal literature exploring the cumulative ‘warming’ 
impact caused by urban areas controlled by regulations (Stone and Rodgers, 2001; Stone and 
Norman, 2006), there appears to be a gap in addressing suburban development role in 
contributing to local climate modification, known as the urban heat island effect.  
In the mid-1970s and 1980s suburban living became the focus of many authors, including 
but not limited to: Kenneth T. Jackson (1985), Joel Garreau (1991), and James Howard Kunstler 
(1993). Their research provides a glimpse into the problems associated with suburban 
development. Researchers continue to provide new information on the problems of suburban 
development. Hayden (2003) reports a steady increase in the average suburban lot size over the 
last century, which increases the total area within metropolitan regions considered to be 
suburban. Stone (2004) reconfirms that suburban development leads to increasingly impervious 
environments with more buildings, parking lots, roads, driveways, and sidewalks and less 
undeveloped areas including wetlands and trees. Stone and Norman (2006) indicate that 
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suburban development; specifically increased lawn and impervious surface areas due to 
residential tax lot design are associated with the expansion of the UHI effect.  
This chapter presents a literature review necessary to understand the basic aspects of UHI 
effect and its formation. The literature review is situated in the fields’ of urban climatology and 
urban planning. Employing guidance from Lowry (1977), Oke (2006), and Shahmohamadi et al. 
(2011), this review is organized to effectively communicate the research design and subsequent 
findings. There are six sections presented in this literature review. Section 1 provides an 
overview of the earth’s climate system, the earth’s annual surface energy budget (SEB), the 
modified urban surface energy balance, and the metrological controls that dampen or may 
intensify urban heat island effect. Section 2 provides an overview of the types of urban heat 
islands that can be observed. Section 3 provides an overview of the geography of urban heat 
islands. Section 4 reviews the characteristics of urbanization that contribute to the formation of 
UHI effect, highlights measuring the UHI intensity and magnitude. Section 5 presents the 
mitigation strategies.  The final section provides a literature gap analysis for the proposed study 
area.  
 
2.1 EARTH’S CLIMATE SYSTEM AND HEAT ENERGY TRANSFER 
The Earth’s climate is a complex system of many interacting components. As illustrated 
in Figure 3, the climate system consists of five main components, including: the atmosphere (e.g. 
clouds), the hydrosphere (e.g. oceans), the cyrosphere (e.g. ice), the lithosphere (e.g. land 
masses, soil), and the biosphere (e.g. biomass, a.k.a. the plants and animals) (Santamouris, et al 
2001).  Incoming solar radiation is converted into heat and potential and kinetic energy, which 
drive macro- meso- and micro-scale circulations of the Earth’s climate system (Chandler, 1976). 
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Macro-scale circulation systems include mid-latitude depressions and span areas approximately 
100 km (600 mi) wide. Meso-scale circulation systems such as thunderstorms span 
approximately 50-200km (30-125 mi) and lastly, micro-scale systems such as localized winds 
(e.g. seabreezes) move over distances of 5-50 km (up to 30mi) (Chandler, 1976; Aguado and 
Burt, 2001).  	  
Figure 3 Earth's Climate System 
 
Source: World Ocean Review (2012) 
These circulations lead to various scales of climate.  At the macro-scale, regional 
climates cover large portions of continents, which are comprised of similar climatic properties 
(Kottek et al., 2006). With the regional scale, there are meso-scale variations from place to place 
due to local topography, altitude, surface morphology, and proximity to water (Chandler, 1976). 
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Finally, within the meso-scale, there are micro-scale variations due to soil type and vegetation 
(Chandler (1976). Recently, definitions of regional climates, which are depicted in Figure 4, 
have been revised to capture these meso-scale variations (Kottek et al., 2006) as well as three-
dimensional aspects of regional climate (Peel et al., 2007). Modification of the terrain and land 
cover alters the micro-climate, which reverberates throughout the climate system (Chandler, 
1976; Oke, 1987).  
Figure 4 World Map of Climate 
 
Source: Kottek et al. (2006) 
The climate system is governed by the Laws of Thermodynamics. The First Law of 
Thermodynamics (Oke, 1987; Santamouris, 2001; Reed, 2010) states that energy cannot be 
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specifically the transfer of thermal energy. The transfer of thermal energy is concerned with 
temperature and the flow of heat. Temperature is a measure of the average translational kinetic 
energy associated with the disordered microscopic motion of atoms and molecules. Temperature 
is measured in Kelvin (K) or degrees Celsius (°C) or degrees Fahrenheit (°F). On a microscopic 
scale, thermal energy is related to the kinetic energy of molecules. Therefore, objects with 
greater temperature have greater thermal agitation of its molecules.  Heat is measured in watts 
(W). Temperature represents the amount of thermal energy available, while the flow of heat 
represents the movement of thermal energy from object, region or system to object, region or 
system. The flow of heat is normally from higher temperature objects, areas or systems to lower 
temperature objects, areas or systems. Basically, the hot object heats up cold object, and cold 
object cools down hot object. The process of heat transfer changes the internal energy of both 
systems involved according to the Law of Thermodynamics.  
Heat transfer can occur in one of three ways: conduction, convection or radiation. Heat 
transfer is referred to as a process-response system; where there is a clear link between the 
process (energy flow) and the response (temperature change) that occurs in each of these three 
transfer mechanisms (Oke, 1987; Santamouris, 2001; Reed, 2010).  
The most efficient method of heat transfer is conduction. Conduction occurs when there 
is a temperature gradient across an object. In an object, the energy is transferred from a high 
temperature region to low temperature region because of random molecular motion (diffusion). 
Conduction occurs similarly in liquids and gases. Regions with greater molecular kinetic energy 
will pass their thermal energy to regions with less molecular energy through direct molecular 
collisions. The spontaneous heat transfer occurs when an object, region, or system is at a 
different temperature than its surroundings. The heat flows so that the object and its surroundings 
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reach an equilibrium temperature. As an example, a metal spoon is left within a boiling pot of 
water. The metal spoon's temperature increases until it reaches the same temperature as the 
boiling water. Different materials have varying abilities to conduct heat. Materials that conduct 
heat poorly (wood) are known as insulators. Materials that conduct heat well are metals and 
glass. Conduction is important to the transport of heat beneath the Earth's surface. The 
conduction of heat is dependent on the substrate's thermal properties (Oke, 1987; Santamouris, 
2001; Reed, 2010). 
A slower method of heat transfer is known as convection, which involves the vertical 
exchange of air masses. This transfer of heat only occurs between liquids and gases due to fluid 
motion. Convection can be natural or forced. In natural convection, gravity plays a critical role. 
As an example, when solar radiation reaches the earth's surface the energy is transferred to the 
air. This energy transfer results in an increase in the air's temperature. The warmer air expands 
and rises due to buoyancy forces. The warmer air moves to higher altitudes until the air column 
eventually cools down becoming denser. The cooler denser air then begins to sink. As the air 
masses sinks until it reaches an altitude at which point the air heats and rises up again (Oke, 
1987; Santamouris, 2001; Reed, 2010).   
In the climate system, convection may be forced by deflection or friction. Examples of 
forced convection are orographic lifting or convergent lifting. In orographic lifting, the air is 
forced upward when it encounters a cooler, denser body of air or landmass such as a mountain 
range. Convergent lifting can occur during storms. As an example, the air at the center of a 
tornado collides with itself and is forced upward (Aguado and Burt, 2012). 
The least efficient method of heat transfer is radiation. The process of radiation differs 
from conduction and convection in that it does not rely upon contact between the heat source and 
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the heated object, region, or system. Thermal energy is transmitted though empty space by 
electromagnetic waves (Oke, 1987 Santamouris, 2001; Reed, 2010). The Earth’s climate system 
is solely driven by solar radiation. 
While not one of the three heat transfer mechanisms, advection is the horizontal 
movement of a mass of a fluid. Examples of advection include the movement of heat or cold by 
the wind in the atmosphere or by current in the ocean. Advection is commonly used to describe 
the transport of air pollutants in the atmosphere (Santamouris, 2001; Reed, 2010). 	  
 
2.1.1 Earth's Surface Energy Balance 
Playing a major role in weather and climate, the Earth’s surface energy balance (SEB). 
The SEB is composed of radiative components and non-radiative components (Oke, 1982; Oke, 
1987; Santamouris, 2001, Aguado and Burt, 2012). The radiative components are incoming and 
outgoing terrestrial long-wave and solar short-wave radiation. Two important radiative 
components are albedo and emissivity. The non-radiative components are latent heat flux by 
convection (i.e. evapo-transpiration), soil heat flux by conduction, and sensible heat flux (e.g. 
heating of air by ground). The net effect of the radiative components is defined as the incoming 
energy flux (Q*). Equation 1 explains the radiation balance, which is summarized by the 
following equation:  
Equation 1 Incoming Solar Radiation 
Q* = (S↑ + S↓) + (L↑ + L↓) 
where Q* is the net energy flux, S↑ is the incoming short-wave radiation reflected by the Earth's 
surface, S↓ is the incoming short-wave solar radiation, L↑ is the up-welling terrestrial long-wave 
radiation reflected and emitted by the surface and L↓ is the down-welling long-wave radiation 
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from clouds and atmosphere (Oke, 1982; Oke, 1987; Santamouris, 2001, Aguado and Burt, 
2012).  	  
Figure 5 Surface Energy Balance 
 
Source: IPCC (2013) 
As illustrated in Figure 5, approximately 30% of the incoming solar radiation is reflected 
back out to space. The atmosphere and clouds reflect 26% of the incoming energy.  The earth’s 
surface (including land, water and ice) reflects 4% of the incoming solar radiation. The 
remaining 70% of the incoming solar radiation is absorbed. This radiation warms the air on 
Earth; and makes Earth a habitable planet because it drives atmospheric and oceanic circulations. 
Of the 70%, approximately 19% of the incoming energy is absorbed by atmosphere and clouds, 
of which 16% of the energy is radiated back out to space and the remaining 3% is transferred to 
clouds before it is radiated back out to space.  
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The remaining 51% of the incoming solar radiation is absorbed by Earth’s oceans and 
landmasses; and then emerges in the following ways: 
• 23% is transferred back to the atmosphere as latent heat by the evaporation of water, 
referred to as the latent heat flux, 
• 7% is transferred back into the atmosphere by heated rising air, referred to as the sensible 
heat flux, 
• 21% is transferred back through surface emission of long wave radiation, where 15% is 
first transferred radiated into the atmosphere, and then radiated into space, and 6% is 
radiated directly into space.  
The sum of all the incoming energy is approximately equal to the sum of all the outgoing energy. 
However, the annual absorption of solar radiation is uneven in space and time, which is what 
causes seasonal variation (Oke, 1987; Santamouris, 2001, Aguado and Burt, 2012). 
2.1.2 Surface Energy Balance in Urban Areas 
The surface energy balance is different in urban areas than in rural areas as shown in 
Figure 6. This section reviews how these components interact differently in urban areas than 
rural areas and since suburban areas now dominate metropolitan regions, it is important to note 
that researchers have sought to define and model the differences across a range of development 
types (Grimmond et al, 2010; Grimmond et al., 2011). 
Equation 2 summarizes the non-radiative components that control these surface 
differences (Oke, 1987; Grimmond, 1992; Arnfield, 2003; Grimmond et al, 2010; Grimmond et 
al., 2011; Shahmohamadi et al., 2011): 
Equation 2  Surface Energy Balance in Urban Areas 
 Q* + QF = QH + QE + ΔQS +ΔQA 
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where Q* is the surface net radiant flux, QF is the anthropogenic heat,  QH is the sensible heat 
flux (heats the atmosphere), QE is the latent heat flux (vaporizes water), ΔQS is the sensible heat 
storage, and net heat advection.  
Anthropogenic heat, QF, is the excess energy generated by human activities, including but 
not limited to: metabolism, use of cars, and use of air conditioners for heating and cooling, and 
use energy usage at industrial facilities (Oke, 1982; Oke, 1987; Taha, 1997; Ichinose et al., 1999; 
and Fan and Sailor, 2005; Shahmohamadi et al., 2011). Generally the QF is incorporated in other 
terms, such as radiation, sensible heat flux, latent heat flux, or it is stored.  
Figure 6 Comparison of Urban and Rural Surface Energy Balance 
 
Source: Oke (1987)  
Sensible heat flux (QH) is the process where heat energy is transferred between the 
Earth’s surface and the atmosphere by conduction and convection. It then moves horizontally by 
atmospheric circulation. QH is higher in urban and suburban areas due to greater amounts of 
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construction materials and other impervious surfaces, which waterproof urban locations (Oke, 
1982; Oke, 1987; Arnfield, 2003; Aguado and Burt, 2012). 
Latent heat flux (QE) is the process where heat energy is transferred from the Earth's 
surface to the atmosphere by the evaporation of water at the surface and leads to the subsequent 
condensation of water vapor in the troposphere. QE is commonly measured using the Bowen 
ratio. Evapo-transpiration is a term, which describes the transport of water into the atmosphere 
from surfaces, including soil (soil evaporation), and from vegetation (transpiration). However, 
QE includes other related processes such as condensation (e.g., fog, dew), snow, and ice 
sublimation (Oke, 1982; Oke, 1987; Arnfield, 2003, Aguado and Burt, 2012).  
There is evidence that the QE decreases with the increased amounts of construction 
materials and impervious surfaces in urban and suburban areas. Urban areas are generally 
warmer and drier than rural areas because reduced amounts of vegetation, specifically trees in 
urban and suburban areas lead to reduced moisture in these areas; and therefore, reduced rates of 
evapo-transpiration and cooling ability (Oke, 1982; Oke, 1987; Arnfield, 2003). The thermal 
properties of construction materials and complex urban geometries increase net radiation, which 
leads to increases in the storage of sensible heat (Oke, 1982; Oke, 1987; Arnfield, 2003). 
Lastly, ΔQA is net advection and assumed to be negligible in most UHI modeling efforts 
(Shahmohamadi et al., 2011). The magnitude of UHI decreases with increased local wind speed 
and cloud cover, because winds mix the air and clouds reflect solar radiation (Oke, 1987; Morris 
and Simmonds, 2001; Cionco and Ellefsen, 1998). Further, warm advection can enhance UHI 
formation and cold advection can suppress it (Oke, 1987). As an example, in the summer, coastal 
cities may experience advective cooling of warmer urban temperatures as the air masses mix 
with cooler seabreezes. Meanwhile, in the winter, coastal cities may experience advective 
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warming when sea temperatures are warmer than land temperatures (Figuerola and Mazzeo, 
1998; Crosman and Horel, 2010). Local sea winds are known to decrease UHI formation in the 
NYC area (Gedzelman, 2003).  
The emergence of the urban heat island effect occurs after sunset, when incoming solar 
radiation is no longer present. As illustrated in Figure 7, the cooling rates of the rural areas are 
greater than the cooling rates of urban areas, which allow the rural air to cool quicker than the 
urban air. Beginning at sunset air temperatures decrease until incoming solar radiation resumes. 
The warming rate increases until mid-afternoon and begins to decline just prior to when the 
maximum air temperatures are generally achieved. The difference in rural and urban areas air 
temperatures start increasing in the late afternoon and are strongest at sunset (Oke, 1987).	  
Figure 7 Nature of the Urban Heat Island Effect 
 
Source: Oke (1987)  
 
2.2 TYPES OF URBAN HEAT ISLANDS 
Urban heat islands are the most studied modification to the climate system (EPA, 2013). 
Regardless of their size, every urban settlement is capable of generating an UHI (Oke, 1973; 
What is an Urban Heat Island? 
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Thurow, 1983; EPA, 2013).  The ‘type’ of UHI being investigated depends upon the data (air or 
surface temperature) being employed in the analysis (Voogt, 2004). Figure 8 depicts the types of 
urban heat islands.  
Figure 8 Types of Urban Heat Islands 
Source: EPA (2013)  
Most UHI studies examine air temperatures.  Researchers examining air temperatures are 
either studying the meso-scale details of UHI, which are referred to as Boundary Layer Urban 
Heat Islands (UBLs) or the micro-scale details, which are referred to as Canopy Layer Urban 
Heat Islands (UCLs) (Oke, 1987; Voogt, 2004).  At the meso-scale, the UBL research focuses on 
the vertical column of air above the average building heights. At the micro-scale, the UCL 
research focuses on the surface layer, which is the area between buildings and below the 
buildings’ rooftops. However, the predominant type of analysis taking place focuses on UCLs 
and therefore, UCLs are most commonly associated with the UHI effect (Voogt, 2004; EPA, 
Urban Heat Islands: Three Main Types
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2013). Most recently, remote sensing technology has allowed researchers to detect SUHIs, by 
capturing the relative warmth of the land surface.  
 
2.2.1 Boundary Layer Urban Heat islands  
Research on the UBLs examines the meso-scale factors driving the atmospheric UHI 
effect. The result of urbanization and its plumes of heat, water vapor, and pollutants, the UBL is 
a dome of warm air that extends downwind of city center. Winds change the dome like shape to 
a plume like shape, hence the literature's reference to urban plume. They are observed both 
during the daytime and nighttime. During the day, the boundary layer can extend upwards of 
1km. During the nighttime, the boundary layer extends vertically only hundreds of meters or 
less.  UBL magnitudes are generally less than the UCL and SUHI effects.  
There are three ways to measure UBLs. The first method is from in-situ observation from 
fixed towers. These in-situ observations are from tethered balloons, free balloons, or radisondes. 
Another method of detecting and measuring UBL is through collection of mobile observations 
via a traverse. The third method is remote observation through sodar imaging.  
 
2.2.2  Canopy Layer Urban Heat Islands 
Research on the UCL examines the micro-scale factors driving the UHI effect. Typically, 
UCLs are presented using Lowery (1977) concept model, which can be summarized by Equation 
3: 
Equation 3 Conceptual Model 
Mitx = Citx + Litx + Uitx 
 
where M is the measured value of a weather element, C is the background climate, L is departure 
from C due to topography, and U is the departure from C due to urban effects. Further the 
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subscripts are as follows: i is the weather type, t is the time period, and x is the station location 
(such urban, rural, or the environs).  
UCLs are measured in two ways. The first method is from in-situ observation from fixed 
weather stations. These fixed stations are in standard station locations placed on grass or non- 
standard station locations (e.g. roof placements). The second method of detecting and measuring 
the UCL is through the collection of mobile weather observations via a traverse. 
 
2.2.3 Surface Urban Heat Islands 
In the mid-1970s, the onset of satellite and air-borne thermal infrared remote sensing 
programs permitted continuous and consistent surface data collection that allowed for more 
robust measurement of the LST and ability to analyze the SUHI effect (Voogt and Oke, 2003). 
LST images and SUHI maps are increasingly important tools for urban planners and social 
scientists that seek to educate communities on urbanization's environmental impacts and work 
toward mitigating those impacts (EPA, 2013).   
The remotely sensing imagery reveals the presence of daytime and nighttime hot- and 
cool-islands as well as their association with land use.  Typically, summers reveal the largest 
SUHI magnitudes (Oke, T. R., 1982). Voogt and Oke (2003) provide evidence that over the past 
thirty years that remote sensing technology has led to a more frequent monitoring of SUHI 
variation at a variety of spatial and temporal resolutions.  
Remote sensors are line of sight instruments; the radiative source area is referred to as 
what a remote sensor sees (Stone and Norman, 2006). Remote sensors do not see all urban 
surfaces. This is a result of platform bias towards the bird's eye or plan view.  This is extremely 
important to understand because different remote sensors may see different urban surfaces and 
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therefore record slightly different LSTs.  Similarly sensors capture different observations than 
the weather station or traverse data, an important consideration when comparing UHI research 
with SUHI research (Voogt and Oke, 2003). In Figure 9, diagram D represents the surface urban 
heat island as viewed by a nadir remote sensor or the bird’s eye view. 
Figure 9 Urban Surface Definitions for Modeling Urban Heat Island Effect 
 
Source: Oke and Voogt (1997) 
There are three main platforms in which the SUHI effect is detected, which are through 
satellites, aircraft, and ground-based platforms. Satellite platforms have extensive global 
coverage but may have limited temporal coverage and/or lack spatial detail. Generally, if there is 
high temporal coverage, then there is a lack of spatial detail, and vice-versa. Satellites are also 
affected by weather and atmospheric conditions (Voogt, 2004).  
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FIG. 1. Schematic illustration of different definitions of the urban surface. (a) Complete, (b) ground level, (c)
rooftop equivalent (‘‘black box’’), (d) bird’s-eye view, (e) ‘‘surface’’ (screen level) observed, and (f) zero-plane
displacement.
sinks of heat, mass, and momentum are located. Prop-
erties of the surface control the partitioning and con-
version of these entities, so the nature of the surface
strongly conditions the behavior of the lowest layers of
the atmosphere. Specification of surface properties and
conditions is thus an important objective for study and
a necessary prerequisite to gain understanding of the
climate system. If the relatively young field of urban
climatology is to gain insight, it has to grapple with
definition and specification of the heterogeneous and
highly convoluted three-dimensional urban–atmosphere
interface.
Surface representations in boundary layer meteorol-
ogy simplify and approximate the actual nature of the
surface (Fig. 1). What is required is the complete area
comprising the boundary between the surface system
and the air (Fig. 1a). Often what is used is the surface
‘‘seen’’ by a sensor. For example: a plane at the ground
(Fig. 1b) or above roof level (Fig. 1c) that ignores the
canopy or treats it as a ‘‘black box’’; a bird’s-eye view
of an infrared therm meter placed above the system
(Fig. 1d); planes of observation that coincide with the
measurement level of a sensor, such as a screen-level
thermometer to measure the air temperature (Fig. 1e);
or a plane at some intermediate height in the canopy,
which represents an effective surface, usually for the
purpose of modeling the integrated system (Fig. 1f).
The surface representation adopted generally is scale
dependent; details of the surface structure are increas-
ingly simplified as the total area increases.
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As compared to satellite platforms, aircraft platforms provide an opportunity to generate 
imagery with a higher spatial resolution and therefore, aircraft platforms capture detailed urban 
land uses and features. These improvements over satellite platforms generate highly expensive 
monitoring programs, which provide data that maintains irregular spatial and temporal 
resolutions (Voogt, 2004).  
Lastly, ground-based sensors provide a unique perspective of urban features' surface 
temperature. However, the spatial resolution of ground-based platforms or infrared thermometers 
is based on where the sensors are placed and its distance from the surface (Voogt, 2004). 
 
2.3 GEOGRAPHY OF THE URBAN HEAT ISLAND  
The geography of the UHI effect is often visualized as a warmer ‘island’ of urban air 
lying within a 'sea' of cooler rural air (Oke, 1987).  As depicted in Figure 10, UHIs can be 
captured by isotherms of equal temperature, which form the ‘island’ shape (Voogt, 2004). 
However, the exact geography of the UHI effect varies in space and time. The variation depends 
on characteristics of urbanization, which are discussed in Section 2.4. At the regional scale, the 
differences between urban and rural land use manifest themselves into 'archipelagos' of hot- and 
cool- islands throughout a city, region, and megaregion (Rosenzweig and Solecki, 2006).  
Figure 11, depicts the relationship between air and surface temperatures across a region 
(EPA, 2013). The diagram proves that the variations in temperature are related to different land 
uses. The diagram also provides information relating to the geographic effects of the nearby 
waterbodies. The diagram in 6.a is an idealized UHI profile. These profiles give rise to the term 
UHI Intensity, which refers to increased air temperatures over urban and suburban areas as 
compared to rural areas in the profile. The UHI effect is obviously the result of urbanization. 	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Figure 10 Air Temperature Observed in Vancouver 
 
                     Source: Voogt (2004) 
 
2.4 CHARACTERISTICS OF URBANIZATION THAT CONTRIBUTE TO URBAN HEAT 
ISLAND FORMATION 
The process of urbanization modifies the Earth’s surface energy balance and contributes 
to the formation of the UHI effect in five ways: 
1) anthropogenic heat, 
2) air pollution, 
3) land surface condition (the reduced vegetation and increased impervious materials / 
surface ‘water-proofing’), 
4) the thermal properties of construction materials, 
5) the complex urban geometry (Oke,1987; Arnfield, 2003; Gartland, 2011; Shahmohamadi 
et al., 2011). 
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Table 3, originally in Oke (1987) and revised by Gartland (2011) summarizes the characteristics 
of urbanization and suburbanization that contribute to UHI formation and their effect on the 
surface energy balance. This section presents how each of these five characteristics of 
urbanization modifies the surface energy balance in urban areas as compared to rural areas.  
Table 3 Urban and Suburban Characteristics that Contribute to the Formation of the 





contributing to UHI 
formation  
 
Effect on the urban surface 
energy balance 
Anthropogenic Heat Increased energy use 
(Building and traffic heat 
losses) 
Increased anthropogenic 
Air Pollution Increased levels of air pollution 
Greater air absorption and re-
emission) 
Increased net radiation 
Change in Land Surface 
Condition 
Lack of vegetation Reduced evapotranspiration 
Change in Land Surface 
Condition 





Thermal Properties of 
Construction Materials  
Increased thermal diffusivity of 
urban materials 
(Increased thermal admittance 
of urban materials) 
Increased sensible heat 
storage 
Thermal Properties of 
Construction Materials 
Low solar reflectance of urban 
materials 
Increased net radiation 
Complex Urban 
Geometry 
Urban geometries that trap heat Increased new radiation 
Complex Urban 
Geometry 
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Figure 11 Variations between Surface and Air Temperature 
 
Source: EPA (2013) 
	  
2.4.1 Anthropogenic Heat 
Anthropogenic heat generated by human and industrial activities contributes to the urban 
heat island effect. Anthropogenic heat varies with the intensity of urban activity and its 
supporting infrastructure.  Anthropogenic heat is typically captured as the sum of the total energy 
needed for heating and cooling, running appliances, transportation services, and manufacturing 
and industrial processes (Landsberg, 1981; Ichinose et al., 1999; Sailor and Lu, 2004; and Voogt, 
2004; Shahmohamadi et al., 2011). Ohashi et al., (2007) document a need to incorporate the 
influence of air conditioning during the summer season. Gutierrez et al., (2011) investigate 
modeling approaches to forecast energy demand during heat waves. The waste heat from these 
processes warms the urban atmosphere by convection, conduction, and radiation (Reed, 2010).  
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Figure 12 Relationship between Increasing Power Loads and Temperature 
 
Source: Sailor (2002) 
Generally, anthropogenic heat is greater in city downtowns and commercial centers 
because they have higher energy demands than residential areas. In the NYMR, the UHI effect 
reduces the demand for heating in the winter months; and exacerbates the demand for air 
conditioning in summer months (Oke, 1987). As depicted in Figure 12, the peak load demand 
increase 1.5-2% every 1F (0.6C) in the summer months (EPA, 2013). Akbari (2005) indicates a 
5-10% demand for electricity to compensate for elevated temperatures.  
 
 
2.4.2 Air Pollution  
Air pollution, which is the introduction of pollutants such as particulates, water vapor, 
and chemicals that are discharged into the atmosphere due to commercial, industrial, domestic, 
14 REDUCING URBAN HEAT ISLANDS – DRAFT
3.2  Air Quality and Greenhouse Gases
As discuss d i  Section 3.1, higher tempera-
tures can increases energy demand, which 
generally causes higher levels of air pollu-
tion and greenhouse gas emissions. Cur-
rently, ost electricity in the United States is 
produced from combusting fossil fuel. Thus, 
pollutants from most power plants include 
sulfur dioxide (SO2), nitrogen oxides (NOx), 
particulate matter (PM), carbon monoxide 
(CO), and mercury (Hg). These pollutants 
are harmful to human health and contrib-
ute to complex air quality problems such as 
acid rain. Further, fossil-fuel-powered plants 
emit greenhouse gases, particularly carbon 
dioxide (CO2), which contribute to global 
climate change.
In addition to increases in air emissions, 
elevated air temperatures increase the rate 
of ground-level ozone formation, which 
is produced when NOx and volatile or-
ganic compounds (VOCs) react in the 
presence of sunlight. If all other variables 
are equal—such as the level of precursor 
emissions or wind speed and direction—
ground-level ozone emissions will be 
higher in sunnier and hotter weather. 
3.3  Human Health and Comfort
Increased daytime surface temperatures, 
reduced nightt me cooli g, nd higher 
air pollution levels associated with urban 
h at islands can affect human health by 
contributing to general discomfort, respira-
tory difficulties, heat cramps and exhaus-
tion, non-fatal heat stroke, and heat-related 
mortality. 
Urban heat islands can also exacerbate the 
impact of heat waves, which are periods of 
abnorm lly hot, and often humid, weather. 
Sensitive populations, such as children, 
older adults, and those with existing health 
conditions, are at particular risk from these 
events. For example, in 1995, a mid-July 
heat wave in the Midwest caused more 





































Figure 8: Increasing Power Loads with Temperature Increases14 
As shown in this example from New Orleans, electrical load can increase steadily once 
temperatures begin to exceed about 68 to 77°F (20 to 25°C).  Other areas of the country show 
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and/or transportation activities, contributes to UHI formation. Air pollution can also be directly 
emitted into the atmosphere due to a natural process such as ash from a volcanic eruption. 
Secondary air pollution, such as ground level ozone or photochemical smog is not directly 
emitted into the atmosphere but occur when the primary pollutants react or interact with each 
other (Oke, 1987). Oke (1997) ozone correlation to elevated temperatures is depicted in Figure 
13. Air pollution increases the net radiation balance in urban areas by reducing the amount of 
incoming solar radiation, re-emitting long-wave radiation downward to where it is retained by 
the ground, and absorbing long-wave radiation from the surface (Oke, 1987).  
Figure 13 Relationship between Increasing Ozone and Temperature 
 
Source: Oke (1997)  
EPA (2013) research indicates that increases in vegetation, specifically tree cover is 
recognized as a simple, cost effective way to reduce UHIs and demand for additional energy 
resources while making urban areas less vulnerable to climate change.  Akbari (2005) found that 
extensive implementation of UHI mitigations (cool roofs, pavements, shade trees, and all 
vegetation reduces outdoor air temperature, therefore reducing air conditioning usage by 20% 
6 
 
1.1.3.1.2 Air qu lity 
In addition to greenhouse gas emissions, the increase in energy demand associated with 
elevated summer temperatures also often results in higher levels of air pollution as fossil-fuel 
powered plants (which currently provide about 66% of global electricity) emit Nitrogen 
Oxides (NOx), Mercury (Hg), Carbon Monoxide (CO), Sulfur Dioxide (SO2), and Particulate 
Matter (PM) into the atmo p r  (EPA, 2009a; WWF, 2010). Th se pollutants are known to 
have a detrimental effect on air quality, contributing to acid rain and other phenomena which 
may be damaging to human health. Higher urban temperatures are also known to increase 
ground-level ozone ( ee Figure 5), which s the result o  a reaction between Organic 
Compounds (VOCs) and NOx (Santana, 2007; EPA, 2009a). 
 
Figure 5. Relationship between daily maximum ozone concentration and daily maximum 
atmospheric temperatures in Connecticut. Shading is based upon density of data points. 
Source: Oke, 1997.  
 
1.1.3.1.3 Increased instability of the urban atmosphere 
The UHI phenomenon is known to reduce the stability of the urban atmosphere at night 
which, under certain meteorological conditions, may intensify the proliferation of convective 
clouds. Thus, the effect of rainfall events (which according to the Intergovernmental Panel on 
Climate Change are expected to increase in magnitude and frequency due to climate change) 
may be amplified in urban areas, resulting in economic losses and extra costs due to, among 
other things, the need for improvements in storm-water drainage (Parry et al. 2007; Fortuniak, 
2009).   
1.1.3.2 Social impacts 
1.1.3.2.1 Human health 
Since UHIs tend to exacerbate the impact of heat waves, heat-related fatalities are another 
consequence of increased urban temperatures (see Figure 6) (EPA, 2009a). For example, the 
2003 heat wave over Europe caused an estimated 35,000 fatalities (Gill et al., 2007). Due to 
the UHI, temperatures during heat waves often do not cool off significantly during the night. 
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and demand at power plants lower CO2, NOx, and VOC level and lowers ozone levels. 
McPherson et al., (2005) found that urban vegetation can remove air pollutants and reduce CO2 
emissions but not all trees provide the same results. Barasa (2008) and Bowler (2010) focus on 
the effectiveness of urban vegetation ‘greening’ efforts to mitigate air pollution. 
 
2.4.3 Changes to Land Surface Condition  
The land surface condition (LSC) is radically alerted through the process of urbanization, 
which contributes to the formation of the UHI effect due to reduced vegetation and increased 
impervious materials, which is also known as surface ‘waterproofing’ (Gartland, 2011; 
Shahmohamadi et al., 2011). The LSC is measured as a mixture of trees, grasses, impervious 
materials, soil, and water in a given geographic area (Ridd, 1995; Carlson et al., 2004). The LSC 
is typically characterized as the percentage of these five surfaces in a given location (Stone and 
Norman, 2006).  
In urban areas, there are increased amounts of impervious surfaces that have replaced 
vegetated surfaces effectively water-proofing these areas. Streets, sidewalks, driveways, parking 
lots, and buildings that make up urban areas are impermeable surfaces that force the precipitation 
to runoff into drainage systems and catch basins instead of naturally percolating into the ground 
and soil (Stone, 2004). Permeable surfaces found in rural areas retain precipitation for 
evaporative cooling. The result of waterproofing an urban area leads to an evaporation deficit in 
that area (Stone, 2004; Reed, 2010).  
Drier urban areas maintain modified SEBs due to enhanced sensible heat transfer and 
suppressed latent heat flux. Areas with greater percentages of impervious surfaces observe 
higher LSTs and areas with greater percentages of grasses and trees have observed lower LSTs. 
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Through the process of convection higher LSTs lead to higher air temperatures over the same 
urban areas (Oke, 1987; Taha, 1997; Reed, 2010).   
Moreover, reduced amounts of vegetated surfaces (e.g. grasses, shrubs, and trees, forests) 
in urban areas also results in decreased average albedo and increased emissivity rates. The 
removal of trees reduces the amount of shaded areas over sidewalks, streets, or buildings and in 
parking lots therefore decreases the amount of area intercepting solar radiation (Oke, 1987; 
Reed, 2010).  
Lastly, Voogt (2004) research indicates that the absence of vegetated surfaces has the 
greatest influence on the UHI intensities. Cox et al. (2004) found that reduced vegetation is the 
main factor driving SUHI effect in the suburban areas of the NYMR. It is not a coincidence that 
numerous UHI mitigation studies have investigated application of forestry programs and green 
roofs to mitigate the UHI effect (Taha, 1997; Rosenzweig et al, 2009; Barasa, 2008; and Bowler, 
2010; EPA, 2013).  
2.4.4 Thermal Properties of Construction Materials 
The thermal properties of construction materials contribute to the formation of the UHI 
effect. The thermal properties of all materials include albedo, emissivity, thermal conductivity, 
thermal diffusivity, heat capacity, and thermal admittance. EPA (2013) states that construction 
materials have three main properties that influence the urban surface energy balance, which are 
albedo, thermal emissivity, and heat capacity. These properties determine how solar radiation is 
absorbed, reflected, or emitted.  
The planet's albedo is subject to large spatial and temporal variations due to LSC. The 
average planetary albedo is a value of 0.3. Albedo is defined as the ratio of reflected short-wave 
radiation from the surface to incident radiation upon it. All natural materials and man-made 
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materials have an albedo value. Generally, white surfaces have a high albedo (close to 1) and 
black surfaces have a low albedo (closer to 0). Darker surfaces absorb more solar radiation 
Figure 14 illustrates common albedo for a variety of surfaces in an urban environment (Oke, 
1982; Oke,1987; Taha, 1997; Akbari et al., 2009). 
Urban areas are generally constructed using building materials, such as asphalt, concrete, 
and bricks, which have lower albedos than rural areas. Oke (1987) indicates the average albedo 
value in urban areas is approximately 0.15-0.2 as compared to the average planetary albedo of 
0.3, which means urban areas absorb more solar radiation. Taha (1997) investigated albedo 
variations to find that the urban core was 0.12-0.16 as compared to suburban setting due to less 
vegetation.  
Although albedo is the main driver of a material’s surface temperature, emissivity (a.k.a. 
thermal emittance) of a material (usually written ε or e) is a measure of a construction materials 
ability to emit long-wave radiation. It is a ratio of the energy radiated by a particular material to 
energy radiated by a blackbody at the same temperature. According to Stefan-Boltzmann Law, a 
true black body would have an ε = 1 while any grey body would have ε < 1. As demonstrated in 
Appendix A, this contains a Table of Emissivity values for metals and non-metal materials. The 
table depicts that the duller and blacker a material is, the closer its emissivity is to 1 and the more 
reflective a material is, the lower its emissivity value is to zero. Construction materials with high 
emittance values stay cooler, because these construction materials release heat more readily. 
Roofing materials with higher emittance values provide evidence for mitigating the UHI effect in 
urban and suburban areas. 	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Figure 14 Albedo of Common Surface in an Urban Area 
 
Source: Huang and Taha (1990) 
A relationship called Kirchoff's Law says that surfaces with high reflectivity have low 
emissivity. This is why construction materials as compared to natural materials tend to shed less 
heat through radiation because they have low emissivity values. Therefore, emissivity is the 
materials ability to absorb radiation and then re-radiate the energy in a different wavelength. An 
example of this is feeling the heat off a brick buildings or an asphalt roadway after the sun has 
been beating on it all day.    
Thermal conductivity is the ability of a material to conduct heat. Due to a mixture of 
materials within a given land surface, the thermal conductivity varies spatially and temporally. 
For example, soil maintains a mixture of the granules, the soil porosity, and the soil moisture 
content. Generally, adding moisture to dry soil increases its thermal conductivity because i) the 
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moisture coats the soil particles increasing the contact between soil granules and ii) the moisture 
reduces the pore air space of the soil with a substance whose conductivity is greater than soil 
(Oke, 1987).   
Specific heat also known as the specific heat capacity (S) is the ratio of heat absorbed by 
a material to the temperature change. Therefore, the specific heat is the amount of heat (or 
energy) required to change the temperature of one unit of mass of a substance by one degree. The 
amount of energy required depends on what the object is made of. Specific heat is considered an 
intensive variable and has units of energy per mass per degree. A related quantity is called the 
heat capacity (C) of an object. The relation between S and C is C = (mass of obect) x (specific 
heat of object). 
The heat capacity of a substance is the amount of heat required to change its temperature 
by one degree and has units of energy per degree. The heat capacity is an extensive variable 
since a large quantity of matter will have a proportionally large heat capacity. High-density 
construction materials, such as steel and stone, have higher heat capacities and higher 
conductivity values than the ground in rural areas. Moreover, urban areas lack an additional 
insulating organic (a.k.a. litter) layer above the ground found in rural areas (Reed, 2010). This 
organic layer, located directly above the soil, consists of organic matter in various stages of 
decomposition. As a result, the materials in urban and suburban areas effectively store more solar 
radiation than rural areas (Oke, 1987; Sailor and Fan, 2002; and Christen and Voogt, 2004; Reed, 
2010).   
Thermal diffusivity (a.k.a. thermal gradient) is the ratio between thermal conductivity to 
the heat capacity of a material. Diffusivity is the rate of temperature change by distance (or 
within a material). Under certain conditions such as adding moisture to dry soil increases thermal 
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diffusivity. There is evidence that a material with poor thermal diffusivity have more extreme 
temperature fluctuations (Oke, 1987). 
Thermal admittance is the ability of surface to accept or release heat. Thermal admittance 
is the square root of the thermal conductivity and heat capacity. It’s why surfaces may have the 
same temperature, yet because of different thermal admittance values the surfaces may feel hot 
or cool to the touch. As an example, metals have a higher thermal admittance than wood 
materials, which have lower thermal admittance; this is why metals are cooler to the touch than 
wood materials. Therefore, surfaces with higher thermal admittance generally exhibit smaller 
LST fluctuation throughout a day (Oke, 1987). 
In summary, thermal properties of construction materials are better stores of heat because 
they have higher heat capacity and larger surface thermal admittance (Grimmond and Oke, 1999) 
and a significant factor driven the intensity of UHI (Sailor and Fan, 2002). 	  
2.4.5 Urban Geometry 
Urban geometry, which is defined by building heights and the spacing between buildings 
and street canyons, contributes to the formation of the UHI effect. Most recently Unger (2004) 
and Chen et al., (2009) provide evidence the urban geometry modifies the surface energy balance 
in urban areas in the following ways: 
• decreases wind speeds due to increased surface roughness  
• increases surface area and trapping of solar radiation by multiple reflection points leads 
to increased absorption of solar radiation. In cases where the buildings are very closely 
spaced, then shading may reduce absorption of solar radiation during the day.  
• decreases sky view factors in cases where the buildings are very closely spaced,  which 
then reduces the radiative heat loss at night,  
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• reduces convection in cases where the buildings are very closely spaces because of the 
sheltering effect of buildings.  
Gaffin et al., (2007) documented that the change in building heights in Manhattan has led to an 
intensified the UHI effect over the last century.  
Urban geometry modifies the surface energy balance through increased friction due to 
increased roughness and complexity of urban surfaces. Increased friction reduces the horizontal 
airflow through city downtowns.  In rural areas surfaces are relatively smooth by comparison. 
Updating Oke (1987), Stewart and Oke (2012) present measures of average surface roughness 
length between various settlement densities. They are as follows: dispersed rural settlements are 
generally between 0.2-0.6m; suburban lower density neighborhoods are generally between 0.4-
1.2m; higher density suburban neighborhoods are generally between 0.8-1.8m; and urban high 
density rows houses are generally between 1.5 - 2.5m and finally urban high density multi-story 
blocks are generally between 2.5 and 10m. Average wind speeds in city downtown are 30-40% 
lower than they are in rural areas.  
Urban geometry modifies the surface energy balance through a reduction of the sky view 
factor (SVF). SVFs are defined as the visible area from the sky from a given point on the ground 
surface. SVFs are generally closer to zero in urban areas because of the tall closely spaced 
buildings, which restricts views of the sky from the ground due to increase surface area and 
multiple reflection points. In rural areas, the SVFs are closer to one, because there is a much 
larger portion of the sky that is visible when looking up from the ground (Oke, 1987; Unger, 
2004; Chen et al., 2009). Unger (2004) has employed GIS to model urban geometry and generate 
a continuous spatial data of SVF.  
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In urban areas the spacing of buildings is much closer and taller as compared to the 
buildings in rural areas. These closely spaced, taller buildings shade other nearby buildings, 
which in turn reduce the surface and air temperatures within the street canyon. While shading 
cools city downtowns during the day, the city downtowns effects on incoming solar radiation and 
the re-emittance of long wave radiation outweigh the benefit. During the day, incoming solar 
radiation becomes trapped (reflected and absorbed) in street canyons. At night, the street canyons 
impede the cooling of the urban infrastructure because buildings re-absorb released heat from 
other nearby buildings (Oke, 1987). 
 
2.5 MEASURING THE URBAN HEAT ISLAND 
The UHI effect can manifest itself at many scales- at a single building, at the street level, 
at a neighborhood level, at the city and the regional scale (Thurow, 1983). Thus it is essential for 
researchers to measure urban heat islands in order to understand the spatial and temporal extent 
of the effect and to implement programs designed to mitigate the current and future extent of the 
effect. There have been two ways to measure UHI effect. The most common measurement is the 
difference in urban and rural air or surface temperature defined as ‘intensity’.  The second 
measurement is the ‘magnitude’ of the effect, which is the defined as the summation (area 
integral) of the excess warming in an area due to elevated urban temperatures. Stone and Norman 
(2006) call attention to the importance of the magnitude measure, which they indicate more 
accurately encapsulates the total cumulative excess warming due to urban development in a city 
or parcel.  
 
 
Chapter 2 47 
 
2.5.1 Peak Temperature Differentials - Intensity 
The UHI effect is most often quantified using an intensity metric defined as the average 
air temperature difference between rural and urban air temperatures. Using in-situ minimum 
temperature observations, the maximum UHI Intensity is summarized by Equation 4: 
Equation 4 Urban Heat Island Intensity  
UHIIntensity  = ∆Tu-r (max) 
where T is minimum temperature, u is the average urban temperature, and r is the average rural 
temperature in the study area. This equation results in a bell-shaped temperature profile of a 
mono-centric city (Burgess, 1924). Figure 15 depicts an intensity profile for New York City 
(Rosenzweig and Solecki, 2006).  
Figure 15 Urban Heat Island Intensity Profile for New York Metropolitan Region 
 
Source: Rosenzweig and Solecki (2006) 
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In an analysis of North American and European cities (Oke, 1973; Oke, 1987), 
established the statistical relationship between intensity and city size but highlight North 
American patterns of urban development are associated with greater UHI intensities than 
European cities. Depicted in Figure 16, North American cities with more than one million 
inhabitants are estimated to have intensities over 10℃ . However, more recent research indicated 
that a rural town with less than 5,000 inhabitants maintained a peak temperature difference of 
2℃ (Hinkel et al., 2003). This finding revealed a common issue regarding the transferability of 
intensity measurements and highlights the importance for measuring the magnitude of the UHI 
effect. 
Figure 16 Relationship between Maximum Urban Heat Island Intensity and Population of 
European and North American Cities 
 
Source: Oke (1987) 
Many studies have analyzed maximum temperature difference using various 
classification approaches: urban-rural categorization (Streukter, 2003), land use (Nichol, 1996; 
Cox et al., 2004; Rinner and Hussain, 2011), zoning regulations (Wilson et al., 2003), and 
through creation of built-up area or impervious surface indexes (Bottyan et al., 2005; Xiao et al., 
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2007). However, measurements of peak temperature difference do not capture the magnitude of 
the urban heat island effect. Therefore, these measures do not provide a mechanism for a 
comparison of the cumulative impacts of the density of different development patterns (Price, 
1979; Stone and Rodgers, 2001; Stone and Norman, 2006).  
Additionally, the UHI intensity profile may mislead urban planners and land use policy 
makers with regard to the role of urbanization and in turn, the expansion of the UHI effect. This 
is because the profile does not capture spatial accuracy of regional landscape, which was 
presented in Table 1. Moreover, the profile does not capture temporal changes due to changes to 
extent of development, which was presented in Figure 2.a. With urbanization, the profile would 
flatten overtime.  
2.5.2 Summation (areal integral) of the Excess Power Radiated as a Result of Surface 
Temperature Elevation - Magnitude 
Price (1979) indicated that the summation of excess urban warming would be a better 
measurement of the total volume of near surface atmosphere impacted by the process of 
urbanization. Stone and Norman (2006) rationalized that as urban areas expand so does the 
volume of the urban heat island or the dome of elevated air temperatures and the increase in air 
pollution formation. Stone and Norman (2006) indicated that regional measures of UHI intensity 
do not reflect the cumulative the dome of elevated air temperatures.  
Many studies of the surface heat island (Roth et al., 1989; Nichol, 1996) have chosen the 
unit of analysis consistent with the resolution of the thermal sensor when assessing the thermal 
properties of land use development patterns. This decision limits a study because it does not 
coincide with the irregularly shaped boundaries of real property, the unit of area at which land 
use is controlled (Stone and Norman, 2006). Instead the sensors capture a mixture of land uses 
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(e.g. industrial, commercial, residential, etc.), which makes it difficult for researchers to isolate 
the zoning regulation’s impact of the formation of UHI (Wilson et al., 2003).   
Figure 17 Net Black Body Flux and Residential Tax Parcel Size 
 
Source: Stone and Norman (2006) 
In a comparative assessment of ten of the largest cities located in the Northeast United 
States, Price (1979) identified the density of development as an important factor in the 
modification of the regional climate. Building on Price (1979), Stone and Norman (2006) 
develop a process to capture the excess flux of thermal energy after the development of the tax 
lot. Shown in Figure 17, Stone and Norman (2006) confirmed that lower density residential 
development has a greater thermal footprint than higher density residential development.  
Significantly, their findings indicate that impervious coverage is not the primary driver of the 
parcel warming. In fact, they found that the lawn or landscaped area of a parcel has ‘the strongest 
association with the net black body flux.’ While the flux density of lawn materials are less than 
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impervious materials in watts per meter square, the total number of square meters of lawn area is 
greater than impervious areas per residential tax parcel.  
When modeling reduced lawn areas, Stone and Norman (2006) indicated that for the 
average parcel a 25% reduction in lawn area equates to 13% reduction in the net black body flux 
of the parcel (also known as: excess power radiated and net thermal flux). Their research 
suggests that the maximum lot size or an overall reduction in the size of lots, though zoning 
regulation could be used to implement such a lawn area reduction. In a second model scenario, 
Stone and Norman (2006) revealed that for the average parcel a 25% reduction in impervious 
cover equates to 16% reduction in the net black body flux of the parcel. It’s suggested that use of 
different driveway paving materials might be used to achieve a 25% impervious area reduction. 
When the 25% of lawn area is combined with a 25% reduction in impervious cover, Stone and 
Norman (2006) results equate to a 28% reduction in the net black body flux. 
A magnitude measure is viable for representing the warming of the atmosphere for 
several reasons. First, the measurement contributes to heating itself (Stone and Norman, 2006). 
Second, the measurement can be expressed as a function of surface to air temperature difference 
(Stone and Norman, 2006; EPA, 2013). Lastly, the measurement can be captured for a large 
continuous surface area at the tax lot level through thermal sensors.  Further, the recent 
proliferation of GIS data in state agencies and local planning departments now allows more 
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2.6 MITIGATION OF URBAN HEAT ISLANDS 
If the root causes are not addressed, then other mitigations may be employed to mitigate 
the effect. The literature suggests that the main strategies to mitigate the UHI effect are as 
follows: increasing tree and vegetative cover, installing green roofs, installing cool or reflective 
roofs and using cool pavements and construction materials (EPA, 2013).  
Figure 18 Vegetation Placement Practices to Maximize Benefits 
 
Source: EPA (2013) 
Trees and vegetation are considered to be the most useful mitigation strategy when 
planted in strategic locations (Reed, 2010). As depicted in Figure 18, these strategic locations 
help shade buildings, sidewalks, parking lots and streets in non-residential areas and serve to 
shade houses, garages, driveways, sidewalks streets in residential areas (Reed, 2010; EPA, 
2013). Akbarki et al. (1997) found that trees and vegetation lower surface and air temperatures 
by providing shade and through evapotranspiration as discussed above. These shaded surfaces 











done carefully. Depending on the trees, the 
building’s height, and the distance between 
the trees and a building, trees may be det-
rimental to an energy efficiency strategy if 
they block useful solar energy in the win-
ter, when the sun is low in the sky, without 
providing much shade during the summer,
when the sun is high in the sky.
Shading pavement in parking lots and on 
streets can be an effective way to help cool 
a community. Trees can be planted around 
perimeters and in medians inside parking 
lots or along the length of streets. Strategi-
cally placed shade trees also can benefit 
playgrounds, schoolyards, ball fields, and 
similar open spaces. 
Trees are not the only vegetation option.
There are many areas where trees either do 
not fit or grow too slowly to be effectiv  
over the short term, in which case vines 
may work better. Vines need less soil and 
Figure 6: Vines to Shade a Wall 
Vines grown on trellises can provide a quick, 













space and grow very quickly. Vines grown 
on the west side of a building, for example,
will shade the exterior wall and reduce its 
surface temperature, thus reducing heat 
gain inside the building. The vines will 
provide some air cooling benefits through 
evapotranspiration as well.
Figure 5: Tree Placement to Maximize Energy Savings 
Locate trees to west 
or east of house 
Vines over 
driveway 




Block winter winds with 
evergreen trees 
Locate trees at least 
5-10’ but less than 
30-50’ from house 
Picking the right trees and putting them in the right location will maximize their ability to shade 
buildings and block winds throughout the year. 
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(1990) and Kurn et al. (1994) indicate that evapotranspiration, alone or in combination with 
shading, can help reduce peak summer temperatures up to 9°F. Planting trees is one of the best 
management practices to control stormwater, mitigate UHI effect, improve air quality, reduce 
peak load energy demand, and offset greenhouse gas emissions (McPherson et al., 2005). 
McPherson et al. (2005) cost-benefit analysis found that for every dollar invested in tree planting 
installation and management lead to an annual return on investment ranging between $1.37 and 
$3.09.   
 Another alternative is planting an extensive green roof or intensive green roof (aka 
rooftop gardens), which is a vegetative layer grown on a rooftop. Roofs represent 20-25% of area 
within urbanized areas in one multi-city analysis (Rose et al., 2003). Therefore, green roofs 
provide additional shade and remove heat from the air through evapotranspiration in order to 
reduce temperatures of the roof surface and the surrounding air (EPA, 2013). On hot summer 
days, the surface temperature of a green roof can be cooler than the air temperature, whereas the 
surface of a conventional rooftop can be up to 90°F (50°C) warmer. Several studies have 
confirmed additional benefits of green roofs are: 
• reduced energy use for cooling between 6% to 10% depending on location (Bass and 
Baskaran, 2003; Cummings et al., 2007) and for heating by approximately 10%  
(Cummings et al., 2007),  
• reduced air pollutants and greenhouse gas emissions, note that on average a 1,000sf green 
roof removes about 40lbs of particulate matter (PM), which equates to the annual 
emissions reduction of fifteen cars (EPA, 2013),  
• improved health and comfort due to reduced heat transfer through the roof of a building 
(EPA, 2013), 
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• improved stormwater management because extensive green roofs captured 50% to 100% 
of the stormwater runoff, while intensive green roof have proven more effective for 
stormwater management (EPA, 2013), thus helping the public minimize flooding and 
combined sewer overflow (CSO) events (EPA, 2013), and   
• improved quality of life due to aesthetic advantages and increased property values (EPA, 
2013) such as sound insulation, which researcher s indicate 5 inches of green roof 
medium can foster a 40Db sound reduction (Peck and Kuhn, 2003).   
Figure 19 Solar Reflectance and Emittance for a Black, Metal, and White Roof 
 
Source: Gartland (2011) 
While green roofs are more expensive than planting trees, researchers established the public cost-
benefits for green roof installation (Peck and Kuhn, 2003) and full-life cycle costs (Rosenzweig 
et al, 2006; Clark et al., 2008) and governments have widely incentivized their installation (EPA, 
2013). In summary, green roofs provide similar benefits to tree planting. Thus, they are a viable 




     
      
    
        
      
      
        
       
     
      
       
    
      
       






               
              
 
 
              
The left half of this traditional bitumen roof in Arizona
is shown in visible wavelengths and the right in
infrared. The r of’s temperatur  reaches almost
175°F (80°C).
Figure 4: Temperature of Conventional 1.4 Temperature E!ects 
Roofing Solar reflectance and thermal emittance
have noticeable effects on surface tempera-
ture. Figure 5 illustrates these differences us-
















e roof surfaces have low reflectance but high 
thermal emittance; standard black asphalt 
roofs can reach 165 to 185°F (74 - 85°C) 
at midday during the summer. Bare metal 
or metallic surfaced roofs have high reflec-
tance and low thermal emittance and can 
warm to 150 to 165°F (66 - 77°C). Research 
has shown that cool roofs with both high 
reflectance and high emittance reach peak 
temperatures of only 110 to 115°F (43-46°C) 
in the summer sun. These peak values vary 
by local conditions. Nonetheless, research 
reveals that conventional roofs can be 55 
to 85°F (31-47°C) hotter than the air on 
any given day, while cool roofs tend to stay 
within 10 to 20°F (6-11°C) of the back-
ground temperature.3 
Figure 5: Ex mple of Combined E!ects of Solar Reflectance and 
Thermal Emittance on Roof Surface Temperature4 
black roof 













high solar reflectance 
low emittance 
white roof 









On a hot, sunny, summer day, a black roof that reflects 5 percent of the sun’s 
energy and emits more than 90 percent of the heat it absorbs can reach 
180°F (82°C). A metal roof will reflect the majority of the sun’s energy while
releasing about a fourth of the heat that it absorbs and can warm to 160°F
(71°C). A cool roof will reflect and emit the majority of the sun’s energy and 
reach a peak temperature of 120°F (49°C). 
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level (Rosenzweig and Solecki 2006; EPA, 2013). 
When public incentives are absent to property owners, cool or reflective roof 
installations, which alter albedo, are a more cost effect alternative to green roofs (EPA, 2013). 
Konopack et al. (1998) demonstrated the energy saving related to cool roofs, because the 
reflective materials help to redirect sunlight and heat away from a building and therefore, reduce 
roof temperatures. A high thermal emittance also plays a role, particularly in climates that are 
warm and sunny (EPA, 2013). The properties of cool roofs help to absorb less heat and stay up to 
50–60°F cooler than conventional roofs during peak summer weather (EPA, 2013). Figure 19 
depicts how these roofs effect the surface energy balance. EPA (2013) summarized the benefits 
of cool roofs mitigations, which included reduced energy use, reduced air pollution and 
greenhouse gas emissions, and improved human health and comfort. To assist in developing cool 
roof strategies, EPA (2013) provided a comparison of traditional and cool roofs options, cost and 
benefits.  
Installing cool pavements involves a range of established and emerging materials to 
mitigate the UHI effect in urban areas (EPA, 2013). Cool pavements are generated to store less 
heat than traditional materials, such as impervious concrete and asphalt, which can reach up to 
120-150F during peak summertime conditions (Pomerantz et al., 2000). Pavements store heat 
during the day and release it at night. Further, hot pavement tends to heat stormwater before it 
enters water systems and therefore, impacts water quality (EPA, 2013).  
The practice of widespread paving of city streets with asphalt began only within the past 
hundred years (Abkari et al, 2001). The consequence of covering streets with dark asphalt 
surfaces is the increased heating of urban areas due to incoming sunlight. Abkari and Rose 
(2001) research indicated that there was an 18F (10C) decrease in temperature for a 0.25 increase 
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in albedo. Paved areas represent between 30-45% of the land area within urban areas (Rose et al., 
2003). Thus, the installation of cool pavements may be increasingly investigated mitigation 
strategy. EPA (2013) has summarized the current literature, successful projects (e.g. Chicago’s 
Green Alleys) and challenges to implementing cool pavement mitigation strategies.  
 
2.7 RESEARCH SPECIFIC TO THE NEW YORK METROPOLITAN REGION 
NYMR have focused on both aspects of the UHI effect (i.e. UCL and UBL) as well as the 
SUHI effect. In the 1960’s NYMR researchers first focused on the atmospheric UHI examination 
as it pertains to air dynamics in the UBL.  Those researchers include: Scudder (1965), who 
focused characterizing the wind dynamics; Davidson (1967), who summarized urban air 
pollution dynamics; and Bornstein (1968), who focused on describing the horizontal and vertical 
air temperature distribution over the greater metropolitan region.  
There is renewed interested by NYMR researchers to begin microscale and mesoscale 
numerical modeling of synoptic weather conditions. Those researchers include: Rosenzweig and 
Solecki (2001), Gedzelman, et al. (2003), Childs and Raman (2005), and Gaffin et al. (2007). 
Recently, NYMR researchers began to fundamentally changing the basic methods used to 
understand impact of LU/LC change on today's climate. As an example, Wichansky et al. (2006) 
recreated Cook’s 1880 land use survey of New Jersey to model land use impact on climate. 
Wichansky et al. (2006) results indicate that LC change from rural to urban landscape has had 
significant influence on the daily maximum and minimum air temperatures. The modeling results 
suggest that the historical land cover changes have led to warmer- drier atmosphere. In fact their 
results indicate that maximum temperature change relates to 0.3-0.4°C difference and minimum 
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temperature change of 0.5°C. Similarly, Barry et al. (2009) ran model scenarios to evaluate the 
adjustment of LSC and albedo factors on today's climate for NYC.  
In terms of SUHI research, Price (1979) was the first to document the SUHI effect in the 
NYMR by describing the relative warming and excess energy by municipality. Price (1979) 
highlighted the excess black body flux in suburban municipalities as compared to denser urban 
municipalities. More recently, one aspect of Rosenzweig, et al. (2006) utilized moderate- and 
high- resolution LST data to characterize NYC’s SUHI effect.  
In summary, this chapter presented a literature review so to comprehend the basic aspects 
of UHI effect and its formation. The review provided an overview of the geography of urban 
heat islands. Moreover, the section reviewed the background information on the earth’s climate 
system, the earth’s annual surface energy budget and how urban surface energy balance differs 
from rural surface energy balance. Perhaps most importantly, the literature review summarized 
the characteristics of urbanization that contribute to the formation of UHI by modifying the 
surface energy balance and introduced the measurement of the UHI intensity versus the UHI 
magnitude. A short review of UHI mitigation strategies was included before the literature review 
concluded with a presentation of NYMR based studies. This review revealed a gap in the 
literature regarding the intensity and magnitude of UHI effect in the NYMR, which is 
overwhelming suburban. This dissertation seeks to begin to address this gap. 
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CHAPTER 3 DATA AND METHODS 
 
As demonstrated in the literature review, the process of suburbanization causes the 
expansion of the UHI effect. Behind this expansion are suburban land use policies, which 
promote the construction of moderate-density residential lots that increases the amount of land 
area that has a modified surface energy balance. These land use policies are implemented 
through municipal zoning regulations without much consideration of their cumulative economic, 
environmental or energy implications across a region. In fact, a ‘de facto’ NYMR land use policy 
has produced a vast amount of moderate-density suburban areas that represent 13 times more 
land area than high-density urban areas.   
Even though the expansion of the UHI effect continues, the majority of the UHI research 
focuses on measuring and mitigating the highest UHI intensities, which are found in high-density 
urban areas. It is this reason that the methodology of this dissertation is designed to focus on 
describing the SUHI effect in the suburbs of the NYMR. Three overall research questions guided 
the selection of the study area, the datasets and the methodological approach. Those questions 
are as follows:  
o What is the intensity of the SUHI effect in these suburban areas, which are neither 
high-density urban nor low-density rural? 
o Does the intensity of the SUHI effect vary among the suburban areas, which 
maintain a range of moderate-densities? 
o How does land use policy influence the intensity of the SUHI effect in suburban 
areas? 
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To answer these questions, several guiding null hypotheses originally outlined in Chapter 
1 are reiterated below:  
• The measured Land Surface Temperature differences will not depict spatial variability 
within the suburbs of the NYMR.  
• There is not significant statistical relationship between Brightness Temperature and 
NDVI for different LULC categories.  
• There is not a significant statistical relationship between Brightness Temperature and 
NDVI for different residential tax lot sizes. 
• The residential lot sizes will not significantly influence the average Brightness 
Temperature and NDVI.  
• Larger low-density residential lot sizes will not have greater Net Thermal Fluxes as 
compared to smaller high-density residential lot sizes.  
This Chapter presents the study area, the data, and methods employed in this dissertation. 
 
3.1 STUDY AREA 
Somerset County, New Jersey (Somerset) is selected as the study area to investigate the 
SUHI effect in suburbs of the NYMR.  Depicted in Figure 20, Somerset is made up of twenty-
one local municipal governments of which there are twelve boroughs and nine townships. In 
2000, Somerset was the fourth wealthiest county in the United States. A statistical overview of 
the study area is depicted in Table 4. The overview includes: total population, average population 
density, percentage of developed lands as well as the rate of land consumption per municipality.	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In 2000, the NYMR had over 21 million inhabitants spread across 13,000 square mile 
area. At the region’s center, New York City (NYC) had approximately 8 million inhabitants 
residing within a 327 square mile area in 2000.  
Just sixty miles from NYC, Somerset is one of the thirty-one counties that make up the 
NYMR. Somerset had just over 300,000 inhabitants residing within 305 square mile area, which 
is nearly the same size as NYC in 2000. Somerset maintains a range of moderate density 
suburban development patterns.	  
Table 4 Study Area Statistics 














Bedminster Twp 16,905 1,659 10% 8,302 0.1999 
Bernards Twp 15,483 5,085 33% 24,575 0.2069 
Bernardsville Boro 8,309 828 10% 7,345 0.1128 
Bound Brook Boro 1,020 823 81% 10,155 0.0810 
Branchburg Twp 12,945 3,970 31% 14,566 0.2726 
Bridgewater Twp 20,834 10,277 49% 42,940 0.2393 
Far Hills Boro 3,121 197 6% 859 0.2294 
Franklin Twp 29,961 10,325 34% 50,903 0.2028 
Green Brook Twp 2,820 1,120 40% 5,654 0.1981 
Hillsborough Twp 35,155 8,268 24% 36,634 0.2257 
Manville Boro 1,572 1,118 71% 10,343 0.1081 
Millstone Boro 420 123 29% 410 0.2998 
Montgomery Twp 20,832 5,088 24% 17,481 0.2911 
North Plainfield Boro 1,806 1,514 84% 21,103 0.0717 
Peapack-
Gladstone Boro 3,798 420 11% 2,433 0.1724 
Raritan Boro 1,293 1,055 82% 6,338 0.1664 
Rocky Hill Boro 405 198 49% 622 0.3183 
Somerville Boro 1,510 1,270 84% 12,423 0.1023 
South Bound 
Brook Boro 483 361 75% 4,492 0.0805 
Warren Twp 12,524 2,887 23% 14,259 0.2025 
Watchung Boro 3,897 913 23% 5,613 0.1627 
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Figure 20 Regional Map of Somerset County, New Jersey 
 
 
3.2 DATA  
The data employed in this dissertation were selected to build on concepts from i) 
Rosenzweig and Solecki (2006), who provided evidence that Landsat 7 Enhanced Thematic 
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Mapper Plus (ETM+) thermal, infrared and visible red band data can be successfully employed 
to establish the statistical relationship between TBrightness and NDVI in the densely inhabited 
urban areas of NYC and ii) Cox et al. (2004), who provided evidence that the SUHI effect is 
present in the suburbs and that NDVI is in fact the primary factor driving the magnitude of the 
TBrightness in the suburbs.  
This section presents the primary and supplemental data employed in this dissertation. 
The primary data employed in this dissertation is a remotely sensed Landsat 7 ETM+ satellite 
image used to generate the TBrightness and NDVI data for a given snapshot of time. The TBrightness 
and NDVI data are employed in Chapter 5 to establish the significance of the statistical 
relationship between TBrightness and NVDI. The opportunity to capture a more detailed statistical 
relationship between TBrightness and NVDI is through grouping the larger database using 
supplemental data. The supplemental data employed in this dissertation include a remotely 
sensed LULC dataset and GIS-based tax lot and zoning data.   
 
3.2.1 Landsat 7 Enhanced Thematic Mapper Plus Data  
As background, the Landsat Program is managed by National Aeronautics and Space 
Administration (NASA) and contains more than four decades of information. The data from the 
satellite is collected and distributed by the U.S. Geological Survey (USGS). NASA launched the 
first Landsat satellite in 1972. The current Landsat satellite, referred to as Landsat 7, was 
launched in 1999. The next Landsat satellite is slated to take flight in late 2012 is the Landsat 
Data Continuity Mission (LDCM), which is a continued partnership between NASA and the 
USGS (USGS, 2011). 
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The Landsat 7 satellite has the capacity to collect and broadcast up to 532 images per 
day.  Unlike its past satellites in the program, Landsat 7 has a solid-state memory of 378 gigabits 
or approximately 100 images. It is in a polar, sun-synchronous orbit, which means it scans across 
the entire earth's surface with an altitude of 705 kilometers in 16 days (USGS, 2011). The 
purpose of the satellite’s mission is to provide up-to-date global geospatial database of satellite 
photos. This allows for more frequent examination of the SUHI effect. 
The main instrument on board Landsat 7 is the Enhanced Thematic Mapper Plus 
(ETM+). There are eight sensors onboard the instrument. Therefore each image or Landsat scene 
consists of eight spectral bands. Bands 1 through 7 have a spatial resolution of 30 meters, with 
the exception of Band 6 (Thermal), which has a spatial resolution of 60 meters and Band 8 
(panchromatic), which has a spatial resolution of 15 meters. All the bands can collect one of two 
gain settings (high or low) for increased radiometric sensitivity and dynamic range. Except Band 
6, this collects both high and low gain for all scenes (USGS, 2011). Band 6 allows for generation 
of the TBrightness, which is employed in this dissertation.  
The approximate Landsat scene size is 170 km north-south by 183 km east-west (106 mi 
by 114 mi) (USGS, 2011) and stored in the Worldwide Reference System-2 (WRS-2) path/row 
system. Four Landsat scenes are required to examine the entire NYMR. Somerset is chosen 
because the study area only requires one Landsat scene, 'Path/Row 14/32' to investigate the 
SUHI effect. Conveniently, the same Landsat scene also includes NYC.  
Exceeding NASA’s expectations, Landsat 7 satellite has lasted for more than five years. 
With one exception, in May 2003 the Scan Line Corrector (SLC) failed, which renders one-
fourth of the data remains uncollected in each Landsat scene (USGS, 2011). Due to amount of 
missing data in each image, the issue makes the use of data after 2003 less desirable than 
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previous years. To be consistent with Rosenzweig and Solecki (2006) research, an August 14, 
2002 image is employed in this research, which is not impacted by the SLC failure.   
Selection of one image while not typical is considered viable for this investigation of the 
SUHI effect because the image captures the summer season and a heat wave, which corresponds 
to the peak energy use. This study was most interested in reducing peak energy use outages 
during extreme heat conditions which stresses the energy infrastructure, causes rolling power, 
and increases mortality rates (EPA, 2013).  
There are several considerations for the urban planning applications of the Landsat 7 
ETM+ data to investigate the SUHI effect. First consideration is the spatial resolution of the 
TBrightness data is limited to 60 meter resolution and the NDVI is limited to 30 meter resolution. 
Tax parcels can be smaller than the resolution of the TBrightness and the NDVI data.  Therefore, the 
Landsat 7 ETM+ data can captures a mixture of land surface conditions and a mixture of land 
use policies. 
The time of day that the Landsat 7 satellite captures its imagery covering the extent of the 
NYMR is approximately at 10:30am. Atmospheric UHI researchers contend the time the Landsat 
7 ETM+ data is captured is considered a major disadvantage because the greatest urban and rural 
air temperatures differences are observed after sunset (Lowery, 1977; Oke, 2006).  Despite this, 
the 10:30am time period captures another aspect of the urban heat island effect, specifically the 
SUHI effect.  
While there are considerations for urban planning applications of the Landsat 7 ETM+ 
data it allows for the establishment of a baseline condition for both the TBrightness and the NDVI in 
the suburban landscape. Employing the dataset allows a researcher to gain insight into the 
presence and the magnitude of the SUHI problem.  
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3.2.1.1 Brightness Temperature  
This dissertation employs a two-step process to calculate the TBrightness using thermal band 
(Band 6) of Landsat 7 ETM+ data. The first step is to calculate the Digital Numbers (DN) into 
absolute radiance. A method based on Chander and Markham (2003) does not require 
atmospheric correction when using relatively cloud-free imagery. As a result, this technique is a 
widely accepted methodology. Spectral radiance (Wm2) can be calculated by multiplying the 
gain with the DN plus the offset as shown in Equation 5 (USGS, 2002; Chander and Markham, 
2003):	  
Equation 5 Radiance Calculation 
Radiance ( Lλ ) = gain * DN + offset 
where gain is equal to the value 0.0370588, and offset is equal to the value 3.2. Gain and offset 
are located in each Landsat scene’s header file. The result of the calculation is a new image 
indicating the spectral radiance for each grid for that given Landsat                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
scene.  
The second step is to calculate the satellite TBrightness (i.e. blackbody temperature) using 
the spectral radiance. This method assumes that there is uniform emissivity. TBrightness can be 
calculated by the Equation 6 (USGS, 2002; Chander and Markham, 2003): 
Equation 6 Brightness Temperature Calculation  
TBrightness = K2  /  ln [ (K1 / Lλ ) + 1]  
where TBrightness is effective at-satellite temperature in Kelvin; Lλ is spectral radiance in 
Wm2 and for Landsat 7 K2 = 1282.71K and  K1 = 666.09K. The data is then converted from 
Kelvin to Celsius and finally to Fahrenheit In the U.S., Fahrenheit is standard in weather 
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reporting and therefore assumed to resonate more easily with decision makers and the general 
public that may utilize the results and recommendations of this research.  As depicted in Figure 
21, Somerset's TBrightness values range from 54.2°F to 110.8°F, with an average temperature 
83.6°F.	  
Figure 21 Brightness Temperature on August 14, 2002 for Somerset County, NJ 
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While many studies develop land surface temperature (LST) data, Nichols (1996) 
indicates that generating the LST is not a necessary step when analyzing the relative temperature 
differences between LULC categories. Further, the emissivity factors employed to generate the 
LST data are typically generalized into two categories (urban or vegetated). The urban pixels are 
given a value of 0.99 and vegetated areas are given a value of 0.97. To be consistent with 
Rosenzweig and Solecki (2006), the TBrightness is determined to be sufficient to achieve the 
objectives of this dissertation.   	  
 
3.2.1.2 Normalized Differential Vegetation Index 
This dissertation employs a vegetation index to determine the presence of vegetation in 
a given area. In remote sensing software, there are numerous methods to generate vegetation 
indexes. Each index captures a slightly different aspect about the landscape that is being 
observed. NDVI is the most straightforward numerical indicator that assess whether the target 
being observed contains live green vegetation.  
NDVI is generated using the Near-Infrared (Band 4) and Visible Red (Band 3) bands. 
Equation 7 is as follows: 
Equation 7 NDVI 
NDVI = (NIR-VISRED) / (NIR+VISRED) 
where NIR is the Near-Infrared bandwidth or Band 4 of the Landsat ETM+ data and RED is the 
Red bandwidth or Band 3 of the Landsat ETM+ data.  
NDVI values vary between -1.0 and +1.0. Low values of NDVI (0.1 and below) 
typically correspond to barren areas of rock or sand. Moderate values represent shrub and 
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grassland (0.2 to 0.3), while high values indicate temperate forests and tropical rainforests (0.6 
to 0.8).  
Figure 22 Normalized Differential Vegetation Index on August 14, 2002 for Somerset 
County, NJ 
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As depicted in 22, Somerset’s NDVI values range from -0.45 to 0.42. These values are 
consistent with what is expected for the present amount of suburban development in the region. 
The woody wetlands and upland forest areas found in Somerset, maintained NDVI values around 
0.2, these NDVI values are generally closer to 0.5 when the vegetation is healthy. The low 
NDVI's values observed may be a result of the heat wave occurring at the time the image was 
captured and/or a reflection of the suburban development's impact on the health of the 
vegetation.  
 
3.2.2 Supplemental Data: Land Use Land Cover, Zoning Districts, and Tax Parcel Maps 
This section presents the supplemental data employed in this dissertation. The remotely 
sensed land use land cover (LULC) data becomes the basis for the LULC statistical analysis in 
first part of Chapter 5. The zoning information and the tax lot data become the basis for the LUP 
statistical analysis in second part of Chapter 5.  
 
3.2.2.1 Remotely Sensed Land Use Land Cover  
As background, LULC mapping is based on a combination of land classification 
approaches defined by Lathrop (2004), wherein: 
“... Land use is a description of the way that humans are utilizing any 
particular piece of land for one or many purposes. Land cover is the 
physical material on the surface of any piece of land.” 
 
It remains the federal government’s interest to promulgate federal land use policy and this drives 
the need for a national land use land cover mapping program (Anderson et al., 1976). A remote 
sensing subfield within the field of geography emerged to develop methodologies and standards 
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to generate the data for that need (Lunetta and Elvidge, 1998).  A substantial investment in the 
Landsat Program emerged for this need. Most recently the Landsat 7 ETM+ imagery was 
employed to generate the Anderson et al (1976) national Level I LULC classification system for 
national, interstate, and state monitoring and planning purposes. For intrastate, regional and 
county level monitoring and planning purposes, Anderson et al. (1976) outlined methods to 
generate more detailed Level II, III, and IV classifications that the users would create more 
detailed LULC themselves. Substantial amounts of supplemental data as well as the utilization of 
low altitude color infrared photography are required to achieve Level III and IV LULC 
categorization.  
The Grant F. Walton Center for Remote Sensing and Spatial Analysis (CRSSA) produced a 
modified LULC data for the state of New Jersey (Lathrop, 2004), which is based on Anderson et 
al. (1976) Level I classification. The methodology employed 10 meter resolution SPOT 
Panchromatic to enable the creation of a Level II land use classification for the developed areas. 
The methodology produced four developed land use categories, which are based on the amount 
of impervious surface area per pixel. The four developed land use categories are as follows: 
• Highly (>75% impervious surface), 
• Moderately (50-75% impervious surface),  
• Lightly - wooded (25-50% impervious surface), and 
• Lightly - unwooded (25-50% impervious surface).  
As shown in Figure 23, Somerset maintains ten of the eleven LULC categories from the 
Lathrop’s (2004) dataset. Besides the four developed land use categories, there are six land cover 
categories in Somerset, which are as follows: cultivated grass (also known as agricultural crops), 
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upland forest, barren lands, unconsolidated shore, palustrine or woody wetlands, and category for 
water bodies. 
Figure 23 Land Use Land Cover for Somerset County, NJ 
 
The LULC data is converted into a 30 meter point grid using a vector based grid 
generator tool in the GIS program. A point grid is chosen to reduce the storage space and 
computation time of the analysis. The 30-meter LULC geospatial database contains a total of 
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860,375 sample points employed in the statistical analysis in Chapter 5. The LULC, TBrightness and 
NDVI data are attributed to each sample point. Once all the data are attributed to the LULC 
geospatial database, then the database can undergo qualitative and quantitative testing as 
described in Section 3.3.  
The 30-meter LULC data is a mixture of irregularly shaped tax lots and zoning districts 
and therefore may not accurately capture land use policies influence on TBrightness and NDVI. To 
overcome this issue, a second statistical analysis using tax lot and zoning data is planned. The 
data for that analysis is described in the next subsection.    
 
3.2.2.2 Land Use Policy: Zoning and Tax Parcel Geospatial Data 
Stone and Norman (2006) indicate that land use policy is implemented through zoning 
regulation at the tax lot by tax lot. Since Stone and Norman (2006) research utilized the tax lot 
geography for their analysis, this dissertation will also employ tax lot maps as the base data by 
which the statistical relationship between NDVI and the TBrightness is established in second part of 
Chapter 5. Zoning regulations, specifically minimum tax lot requirements are used to better 
understand how different residential land use policies influence the statistical relationship 
between NDVI and TBrightness.  
As background, the field of urban planning has had a long interest in describing and 
recording how the developed land areas are being used.  This land use information is most often 
recorded for each tax lot by a local government’s planning or tax assessment offices. It is 
necessary to compile individual local land use datasets into regional, state or national datasets for 
regional, state or national planning efforts.  
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One of the first national compilations of land use was the 1965 Standard Land Use 
Coding Manual (SLUCM), which is an effort to standardize land use coding for local, regional, 
and state land use planning applications. In 1993, the Federal Highway Administration (FHWA) 
approached APA to begin a process to update the 1965 SLUCM dataset and in 2000, the APA 
launched its present day Land Based Classification Standards (LBCS) project sought to provide 
urban planners with a consistent model for land use coding by tax lot (APA, 2011).  
The LBCS is considered the national standard used by local governments. This does not 
mean that there is a consistent level of detail recording across the nation for regional, state or 
national planning needs.  This is due to the fact that land use recorded by local governments, 
based on their individual policy needs and resources.  
Zoning districts maps and regulations are a mechanism for municipalities to implement 
their land use policy. The creation of zoning regulations and any subsequent changes of those 
regulations is historically in reaction to undesirable land uses that are taking place within the 
municipality or its neighboring municipalities. New zoning districts and regulations are 
introduced through master planning processes, which is the formal update process for changing 
current zoning maps and regulations. Master planning processes are typically on 10- 15- or 20- 
year cycles.  
It is necessary to compile individual local zoning districts and regulations datasets into 
regional, state or national datasets for regional, state or national planning efforts. These efforts 
are on project-by-project basis. Build out analysis is a tool for planners and researchers to 
determine actual potential development possible in a given area based on those areas zoning 
regulations (Lacey, 1990) and a tool that continues to be promulgated by EPA (2013) as a 
planning tool for Greener Communities.  This dissertation research focused on compiling zoning 
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districts and regulations, specifically minimum residential lot size requirement to determine the 
total number of new single-family homes that could be built under the current zoning regulations 
in Somerset County, NJ.  
The zoning districts and tax lot are available from the state geospatial data repository 
called New Jersey Geospatial Information Network (NJGIN).  The tax lot data is referred to as 
the State of New Jersey Composite of Parcel Data and MOD-IV tax list Search Data. Originally 
created for planning purposes, the tax lot data was developed during 2008 to 2010 during the 
Parcels Normalization Project conducted by the New Jersey Office of Information Technology, 
Office of Geographic Information Systems (OGIS). The tax lots for Somerset are extracted from 
the statewide geospatial database into a Somerset tax lot database.  
The zoning district maps are available through a NJGIN web application. The maps are 
added to the GIS so that the zoning district information can be attributed to the Somerset tax lot 
database. Information about the development potential of each zoning district is recorded in a 
municipality's Code of Regulations, which is maintained by a municipality’s Zoning or Planning 
Board. The Code of Regulations for all the Somerset municipalities is obtained and for each 
zoning district, the minimum lot size requirements and the maximum impervious surface 
coverage per tax lot are attributed to the Somerset tax lot database.  
Several steps are employed to compile the zoning districts and regulations into the 
Somerset tax lot database as follows:  
• Examine the twenty-one municipal zoning regulations, 
• Determine the tax lot’s residential and non-residential zoning and remove the non- 
residential parcels from the tax lot database, 
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• Attribute the residential tax lots with the minimum lot size requirements and 
maximum impervious coverage requirements,  
• Generate the average TBrightness and NVDI value per tax lot. 
Table 5 A Summary of Municipal Zoning Regulations in Somerset County, NJ 
Municipality 








Range of Maximum 
Impervious Surface 
Bedminster 20 14 5-60% 
Bernards 31 15 20-30% 
Bernardsville 16 10 20%* 
Bound Brook 12 5 25-65% 
Branchburg 18 9 15%* 
Bridgewater  44 19 18-35% 
Far Hills 9 7 N/A* 
Franklin  30 14 20-40%* 
Green Brook 12 7 N/A* 
Hillsborough 31 17 5-40% 
Manville 9 6 35-45% 
Millstone 9 5 N/A* 
Montgomery  18 9 10-25% 
North Plainfield  17 9 20-30%* 
Peapack Gladstone 10 8 N/A* 
Raritan  19 6 N/A* 
Rocky Hill 10 6 20-70% 
Somerville  15 6 30-40% 
South Bound Brook 11 5 25-65% 
Warren  16 9 20% 
Watchung 12 7 25-30%* 
* The majority of zoning districts do not maintain a max impervious surface 
coverage requirement.  
 
A review of all twenty-one municipalities’ zoning regulations is completed. The review 
indicates that the municipalities of Somerset County, N.J. lack consistency between their zoning 
regulations. This can be more clearly understood when reviewing, Appendix B , which presents 
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the detailed review of zoning regulations by municipality. It is important to note that some 
municipalities maintain conservation based residential zoning districts as alternatives to regular 
residential zoning districts. Table 5 presents a summary of the zoning regulation review.  
Figure 24 Residential Vs. Non-Residential Tax Lots Map for Somerset County, NJ 
 
Next, a review of the residential and non-residential tax lots is completed. Rosenzweig 
and Solecki (2006) indicate that 75% of the NYC land area is zoned for residential land uses.  An 
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assumption is made that Somerset would maintain similar percentage of residentially zoned area. 
The analysis confirms this assumption as 115,384 tax lots or 91% of the study area is zoned for 
residential land uses. The remaining 11,933 or 9% of the total number of tax lots are determined 
to be non-residential uses.  
Table 6 Percentage Residential Vs. Non-Residential by Municipality for Somerset County, 
NJ 
Municipality 






Bedminster 4,633 74 89% 11% 
Bernards 10,933 216 77% 23% 
Bernardsville 2,688 158 98% 2% 
Bound Brook 2,237 586 44% 56% 
Branchburg 4,982 437 65% 35% 
Bridgewater 13,861 2,352 63% 37% 
Far Hills 394 38 93% 7% 
Franklin 22,155 3,940 69% 31% 
Green Brook 2,329 409 64% 36% 
Hillsugh 12,659 1,014 72% 28% 
Manville 10,942 851 46% 54% 
Millstone 152 48 41% 59% 
Montgomery 7,444 339 74% 26% 
North Plainfield 4,964 505 88% 12% 
Peapack Gladstone 918 11 93% 7% 
Raritan 1,910 276 37% 63% 
Rocky Hill 314 29 63% 37% 
Somerville 3,014 345 48% 52% 
South Bound Brook 1,180 108 49% 51% 
Warren 5,525 80 93% 7% 
Watchung 2,107 117 76% 24% 
 
An acreage assessment of tax lot data reveals that approximately 75% of the total land 
area in Somerset is residential. There are a total of 143,719 residential acres and 48,916 non-
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residential acres. The majority of the municipalities in Somerset are considered more residential 
than they are non-residential. In fact, nine of the twenty-one municipalities are more than 75% 
residential and fifteen of the twenty-one municipalities are more than 60% residential. Table 6 
presents the results of the review. Figure 24 depicts a map of Somerset’s residential tax lots in 
yellow. The map provides visual indication that the county is predominantly zoned for residential 
land uses.   
Stone and Norman (2006) indicate that the design of tax lot size contributes to the 
expansion of the UHI effect. A municipality’s zoning district regulations maintain a requirement 
for the size of tax lot size. It is during the process of subdividing a larger tax lot into a set of 
smaller lots that a municipality’s zoning board enforces the tax lot size requirements.  
The larger the minimum lot size the more dispersed or sprawling the residential housing 
density and vice-versa. The original review of the zoning regulations indicates that the residential 
zoning districts maintain different development requirements by municipality. A review of the 
typical residential minimum tax lot size requirements indicates there are twenty-six typical 
minimum tax lot size requirements.  
The zoning district naming conventions may be similar but maintain different minimum 
tax lot size requirements. These requirements are recorded in both square footage and acres. In 
fact, the combination of metrics is common in the majority of the municipalities’ regulations. It 
is assumed that a combination of metrics is a result of the influence of British town planning and 
American planning. The tax lot size requirements are grouped into sixteen categories for the 
Chapter 5 statistical analysis. Table 7 depicts the typical tax lot requirements observed in 
Somerset.  
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Table 7 Typical Minimum Lot Sizes   
Typical Minimum Lot Size 
2,000 - 3,200 sq ft 40,000 -43,560 sq ft  (or 1 acre) 
5,000 – 6,000 sq ft 50,000 sq ft 
7,000 – 8,000 sq ft 60,000 – 65,340 sq ft (or 1.5 acre) 
10,000 - 12,000 (1/4 acre) 2 acre 
15,000 - 18,000 (1/3 acre) 130,000 – 137,500 sq ft (or 3 acre) 
20,000 - 22,000 (1/2 acre) 218,750 sq ft (or 5 acre) 
24,000 – 25,000 sq ft   435,000 sq ft (or 10 acre) 
3/4 acre 15 acre 
 
A review of the sixteen minimum lot sizes groupings is completed. The review indicates 
that the smaller the minimum lot size the wider the range and higher the percentage of maximum 
impervious coverage. While, the larger lot sizes maintained smaller and tighter range of 
maximum percentage impervious coverage requirements. These results are depicted in Table 8.  
A visual analysis of minimum lot size requirements map indicates that the majority of 
larger minimum lot sizes were associated with Townships not the Boroughs. It is assumed that 
this is due to greater total land area available in Townships. The Boroughs generally maintained 
smaller minimum lot size requirements and village neighborhood naming conventions where 
more commonly used in the Borough zoning regulations.  As depicted in Figure 25, there is a 
general increase in the minimum lot size requirement moving east to west in Somerset. It is 
assumed since New York City is to the east of Somerset, that it has higher valued land and 
therefore smaller lot sizes are located in the eastern portion of the county. The Appalachian 
Highlands region, a known open space conservation region of the state, is locally zoned to 
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Typical Square Footage 
or Acreage by Minimum 











1 .001 to 0.10 2,000 - 3,200 20% 40,859 35% 
2 0.1 to 0.15 5,000 - 6,000 20-65%* 5,736 5% 
3 0.15 to 0.2 7,000 - 8,000 20-70%* 7,833 7% 
4 0.2 to 0.3 10,000 - 12,000 (1/4 acre) 20-50%* 9,891 9% 
5 0.3 to 0.4 15,000 - 18,000 (1/3 acre) 30-40%* 5,325 5% 
6 0.4 to 0.51 20,000 - 22,000 (1/2 acre) 15-40%* 6,168 5% 
7 0.51 to 0.6 24,000 - 25,000 30%* 3,182 3% 
8 0.6 to 0.8 3/4 acre 30% 4,467 4% 
9 0.8 to 1 40,000 -43,560 (1 acre) 15-30%* 7,326 6% 
10 1 to 1.3 50,000 18-20% 7,958 7% 
11 1.3 to 1.8 60,000 - 65,340 10-30% 5,720 5% 
12 1.8 to 2.8 2 acre 10-30% 4,102 4% 
13 2.8 to 4 130,000 - 137,500 10-30% 2,004 2% 
14 4 to 8 218,750 (5acre) 5-30% 2,287 2% 
15 8 to 12 435,000 (10acre) 5-30% 859 1% 
16 12 to 20 15 acre 5% 606  1% 
17 20 or more 20 acres or greater N/A 1,018  1% 
* Not all zoning districts included for a maximum percentage impervious coverage.    
**Category 17 maintain 20 acre lots sizes or greater. These parcels maintained no lot size 
requirements. 
 
Stone and Norman (2006) generated an average LST and average NDVI per tax lot 
employed 10-meter thermal data from the Atlas Program. The average TBrightness and average 
NDVI is calculated by the zonal function in the ArcGIS Program using the 60-meter resolution 
Landsat 7 ETM+ data. The residential TBrightness per tax lot ranges from 75.3 °F to 85.4 °F in 
Somerset. The residential NDVI values per tax lot range from -0.29 to 0.34 in Somerset.  
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Figure 25 Minimum Lot Size by Tax Parcel for Somerset County, NJ 
 
A visual analysis confirms that there is a relationship between TBrightness and NDVI. The visual 
analysis also indicates that the irregularly shaped tax lots’ average NDVI and TBrightness metrics 
are averages of one or more 30-meter or 60-meter grids from the NDVI and the TBrightness maps, 
respectively.  
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3.3 METHODS 
In this dissertation, the quantitative methods are chosen to be consistent with Rosenzweig 
and Solecki (2006), whose methodological approach provides evidence of a significant statistical 
relationship between the TBrightness and the NDVI for high-density urban areas of NYC. The 
methodology approach seeks to incorporate important findings from Wilson et al. (2003), whose 
research employed the parametric ANOVA test to successfully determine that different zoning 
regulations have significant different impacts of TBrightness and the NDVI; and Stone and Norman 
(2006), whose research indicates that tax lot unit of analysis is the implementing mechanism that 
leads to expansion of the UHI effect.  The question remains can a combined methodological 
approach be applied using the data outlined in Section 3.2 augment the understanding of the 
SUHI effect in the suburbs of the NYMR.  
This section describes the two land use land cover based analyses. One analysis employs 
raster data and the second uses vector data to investigate the SUHI effect in Somerset. These two 
analyses employ geospatial data, which allows the results to be displayed as maps. The analysis 
methods seek to describe the statistical relationship between the TBrightness and NDVI. The LULC 
dataset provides a mechanism to establish a more detailed relationship by examining the 
statistical relationship of TBrightness and NDVI by each land use land cover category.  The land use 
policy (LUP) analysis seeks to describe the statistical relationship between the minimum 
residential tax lot size requirements in zoning regulations, TBrightness and NDVI. In addition, the 
LUP analysis examines how the minimum residential tax lot size requirements in the zoning 
regulations influence TBrightness and NDVI. Lastly, the LUP analysis examines the excess power 
radiated by each tax lot in Somerset County, New Jersey.   
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3.3.1 Qualitative Statistical Tests 
Several qualitative tests are performed in both statistical analyses in this dissertation. The 
qualitative tests include: a review for potential outliers, a visual review of single variable 
histograms, and then a visual review of two variables using q-q plots and scatterplots. The 
qualitative tests are employed to determine the distribution of the data undergoing further 
quantitative testing.  
The first qualitative test is a review of potential outliers within the sample data. Outliers 
can cause misleading results if not analyzed and if necessary should be removed from the 
database. Outliers are considered to be any values outside three standard deviations of mean. A 
histogram and scatterplot can be employed to visually display the sample data for outliers. Since 
the data in this dissertation is geospatial the data can be represented on map to assist in whether 
an outlier should be removed or retained in the dataset. If an outlier is retained in the database, 
then it is assumed the outlier will not greatly impact the results potentially due to a large sample 
size. As reference, both the LULC database and tax lot database employed in this dissertation 
have extremely large sample sizes.  
The remaining qualitative tests are visual reviews of single variable histograms and two 
variable scatterplots and q-q plots of the TBrightness and the NDVI.  Histograms are the first visual 
test because allow the researcher to visualize the sample data. If the single variable sample data 
maintains normal distribution then the data's distribution is shaped like a bell curve. The second 
visual test for normal distribution is through the use of probability plots referred to as Q-Q Plots.  
In a Q-Q Plot, the actual scores are ranked and sorted by quantiles, and an expected normal value 
is compared with an actual normal value for each case. If the selected variable matches the test 
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distribution, then the points cluster around a straight line. Each LULC and the minimum tax lot 
size category is plotted to test the variable for normal distribution.  The third visual test for 
normal distribution is through the use of x-y scatterplots of the TBrightness and the NDVI data. 
These graphs provide visual evidence of the data's distribution and whether there is a relationship 
between two datasets. The qualitative results are critical to determine if parametric test can be 
employed in the quantitative analysis methods (McGrew and Monroe, 2000). 
 
3.3.2 Quantitative Statistical Tests 
There are two types of statistical tests -parametric and non-parametric that can be 
employed. Streuker (2002) indicates that the regional UHI effect generally follows a Gaussian 
distribution and hence the majority of the literature employs parametric tests. These tests are 
based upon the assumption that the data are sampled from a Gaussian or normal distribution. 
Tests that do not make assumptions about the population distribution are referred to as non-
parametric tests. These tests rank the outcome variable from low to high and then analyze the 
ranks. Also known as distribution free tests; they include the Wilcoxon, Mann-Whitney test, and 
Kruskal-Wallis tests.  
The majority of the UHI literature employs the following three parametric quantitative 
statistical tests: the descriptive statistics, the Pearson’s correlation coefficient, and the ordinary 
least square regression (OLRS). The reason a simple bivariate OLSR is employed due to Cox et 
al.'s (2004) finding that NDVI is a major influencing factor in the TBrightness in suburban Somerset.  
These three tests are presented in Chapter 5.  
First test employed is the descriptive statistics, which measures the mean and standard 
deviation of the each LULC category in the LULC analysis and of each minimum tax lot size 
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grouping in the LUP analysis. The mean is defined as arithmetic average of a range of values 
among a given data sample, computed by dividing the total of all values by the number of values. 
It is considered the most common analysis of the central tendency for a given data sample; 
however it is also prone to distortion with presence of extreme values. The standard deviation is 
defined as a measure of the dispersion of a set of data from its mean expressed as the average 
deviation of a set of sample data from its arithmetic mean. It is widely used measure of 
variability in the data set or sample of data. In terms of interpreting standard deviation, a low 
standard deviation suggests that the data points are very close to the arithmetic mean, whereas 
high standard deviation suggests that the data are spread out over a large range of values 
(McGrew and Monroe, 2000). 
The second quantitative test employed is the Pearson’s correlation coefficient, which 
examines the linear relationship between TBrightness and the NDVI.  The statistic can be considered 
an index for computing the degree of association between any two variables. The results of the 
correlation coefficients range in value from -1 (a perfect negative relationship) and +1 (a perfect 
positive relationship). A value of 0 indicates no linear relationship (McGrew and Monroe, 2000). 
The third quantitative test performed is the OLSR, which is a bivariate regression 
explores the nature of the relationship and determines the strength of influence between two 
variables. A simple linear regression is used to predict the values of one variable, given the 
values of another variable. The analyses in this dissertation focus on the relationship between the 
TBrightness and the NDVI. The dependent variable is TBrightness and the independent variable is 
NDVI, which influences the TBrightness.  As stated earlier, NDVI is chosen because it is the most 
commonly employed vegetation index and it’s consistent with the Rosenzweig and Solecki’ s 
(2006) NYC research.  Each variable is plotted on a graph, with TBrightness on the x axis and 
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NDVI on the y-axis. If all the sample points on the graph fit on a straight diagonal line, then a 
perfect linear relationship between TBrightness and the NDVI values (McGrew and Monroe, 2000). 
A fourth quantitative test is performed for the LUP analysis to examine whether or not 
there is a significant relationship between different groupings of the minimum tax lot size 
requirements of the zoning district regulations and their influence on the TBrightness and the NDVI. 
An analysis of variance test (ANOVA) is a statistical method for making simultaneous 
comparisons between two or more means, and provides a test to determine whether a significant 
relationship exists between the variables. The ANOVA generalizes a two-sample t-test to 
analyze three of more groups at a time. This is beneficial as the use of the ANOVA statistic 
overcomes a chance of committing a type I error when conducting multiple two sample t-tests. 
Committing a type I error refers to making a determination as to statistically significance of the 
individual t-tests between different sample groups (McGrew and Monroe, 2000). 
3.3.3 Summation (Areal Integral) of Excess Power Radiated due to Urban Development  
So far the research in this dissertation has focused on describing the average TBrightness (°F) 
and the average SUHI differences (°F) per tax lot and then, summarized by the zoning 
regulation’s minimum tax lot size requirements. However, Stone and Norman (2006) indicate:  
“ the area-integrated flux of heat energy emitted from a city or parcel 
provides a more accurate indicator of the volume of the near surface 
atmosphere influenced by elevated surface temperatures than does the 
surface temperature differential.” 
Hence, the generation of a magnitude measure by tax lot is an important step to evaluate how 
different zoning regulations (specifically, the minimum tax lot size requirements) and their 
Chapter 3 87 
influence on the UHI effect. This new understanding will enable urban planners and designers to 
develop mitigation strategies to curtail the expansion of the regional UHI effect.  
Price (1979) and more recently, Stone and Norman (2006) indicate that measures of UHI 
intensity do not reflect the amount of excess urban warming per capita due the modification of 
natural environment. Price (1979) found that municipalities with lower density municipalities 
such as Syracuse, NY maintained greater cumulative thermal emissions than municipalities with 
higher density, more compact municipalities such as Waterbury, CT. Stone and Norman (2006) 
found that larger sized, lower density tax lots had greater excess thermal energy emissions than 
smaller sized, higher density tax lots. This dissertation applies methodologies from Stone and 
Rodgers (2001) and Stone and Norman (2006) to calculate the excess power radiated per tax lot 
for the Somerset County study area.  
Using the tax lot database, a calculation of the excess power radiated for each tax lot is 
completed. The following three steps are employed to calculate the net thermal flux per 115,384 
residential tax lots (parcels). I assume one household per tax lot. The total radiant flux (W) per 
tax lot is equal to the average radiant flux density (W/m2) multiplied by the tax lot area (m2). 
Second, to calculate the natural land cover radiant (W), the Delaware Raritan Canal State Park is 
chosen to represent the natural land cover because it is forested. The area maintains 8.35 (W/m2), 
which is multiplied by the total land area (m2) to generate the estimated natural land cover 
radiant flux (W) per tax lot. Last, to calculate the net thermal flux or excess power radiated per 
tax lot, the total radiant flux density (W) is subtracted from the natural land cover radiant flux 
density (W); and then, multiplied by each tax lot area (m2) to produce net thermal flux (Wm2).   
Stone and Norman (2006) indicate these methods are employed to overcome the 
disadvantages of the UHI intensity measure. The magnitude measure is designed to describe the 
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role of urban expansion as it relates to the growth of the ‘dome’ of elevated air temperatures over 
urban areas (Price, 1979; Stone and Rodgers, 2001; Stone and Norman, 2006). It is assumed the 
measure is more applicable to the urban planners and designer who may be concerned with 
mitigating the UHI effect in cities and regions (Price, 1979; Stone and Rodgers, 2001; Stone and 
Norman, 2006).  
In summary, the majority of the UHI research focuses on measuring and mitigating the 
highest UHI intensities, which are found in high-density urban areas. In the NYMR, the high-
density urban areas represent 5% of the land area. Meanwhile, the suburban and exurban areas 
represent over 65% of total land area in the NYMR. To resolve the apparent gap in the literature, 
this chapter presented the study area, the data, and methods employed in this dissertation to 
describe the SUHI effect in the suburbs of the NYMR. Prior to beginning the statistical analyses 
in Chapter 5, the next chapter presents an exploratory analysis of the regional SUHI effect in 
order to situate Somerset into a regional context. 
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CHAPTER 4 SURFACE URBAN HEAT ISLAND IN A REGIONAL CONTEXT 
 
A review of the literature indicates that remotely sensed data is increasingly being used to 
monitor the regional SUHI effect (Voogt and Oke, 2003). Studies by Peng et al. (2012), Imhoff 
et al. (2010), Tran et al. (2006), and Hung et al. (2006) have employed MODIS LST products to 
identify the spatial and temporal variability of the regional SUHI effect and to complete 
comparative SUHI analyses of big cities (with a population of more than 1 million). Streuker 
(2003) developed an approach to analyze the difference between LSTs in urban and rural areas. 
Rasjasekar and Weng (2009) applied the Streuker (2003) approach to monitoring regional SUHI 
effect using MODIS LST data.   
In addition, a review of the literature indicates that suburban development has a role in 
the expansion of the UHI effect (Oke, 1987; Stone and Norman, 2006).  However, that review 
suggests that minimal research has been completed to measure the SUHI effect in suburban 
areas, which are the dominant regional areas of America cities (Wilson et al., 2003; Stone and 
Norman 2006). To mitigate the expansion of the UHI effect, an alternative approach is necessary 
to describe the extent and variability of the SUHI effect in suburban areas. Oke (1973) found that 
total population is an indicator of UHI Intensity. However, recent analysis by Stone and Norman 
(2006) and Hickel et al (2003) suggest that population density maybe a better indicator of UHI 
Intensity.  
Based on this prior research, an exploratory analysis is completed to describe extent and 
variability of the SUHI of the New York Metropolitan Region, and to situate Somerset study area 
within a regional context. This Chapter is designed to highlight three perspectives of the 
NYMR’s SUHI effect and begin to capture the SUHI effect as it pertains to suburban areas 
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during the summer of 2002. These perspectives are captured through the following 
categorizations of the NYMR: urban areas versus rural areas, six population density typologies, 
and by individual municipalities. Oke (1973) indicates there is a positive relationship between 
maximum urban heat island intensity and city size, therefore it is hypothesized that the measured 
differences in regional SUHI effect will depict spatial variation within the suburbs of the NYMR 
based on their population density. It is assumed that the SUHI effect captured by MODIS data 
will be similar to the population density map shown in Figure 2.b, which depicts a regional 
population density gradient. This gradient can be conceptualized as a region using Burgess 
(1924) concentric zone model or Hoyt (1939) sector model and conceptualized intra-regional 
using Harris and Ullman (1945) multiple-nuclei city model (Schwirian, 1983; Schwirian, 2007; 
Stutz and Warf, 2008). Further, the research performed in this chapter links definitions of space 
and research methodologies to research results, which are employed by decision-makers, who 
may understand the results and over- or under-estimate an observed problem and subsequent 
mitigation that may be required.  
 
4.1 DATA 
To complete the exploratory analysis several datasets are compiled into a 1-km resolution 
point database, which is referred to as the MODIS database. The MODIS LST data is the 
primary data employed in this Chapter. In addition, several supplemental regional datasets are 
employed in this dissertation to capture SUHI difference based on three different categorizations 
of the region.  
The MODIS database is compiled using a vector based grid generator tool in the ArcGIS 
Program.  A 1-km resolution grid is chosen to match the MODIS LST data. A point format is 
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chosen to reduce the storage size and reduce computation time when conducting the analyses. 
All twenty-four LST images from summer season 2002 are attributed to the MODIS database 
using a spatial join tool in the ArcGIS program. 
 
4.1. Remotely Sensed Land Surface Temperature Data 
The literature review indicates that researchers have employed MODIS LST products to 
successfully complete comparative SUHI analyses of cities with populations of more than one 
million inhabitants (Peng et al., 2012 and Imhoff et al., 2010). In fact, the MODIS LST data is 
particularly practical because of its global extent, diurnal nature, multi-spatial/temporal 
resolution, and range of preprocessed low cost products (Wan, 1999). The MODIS products are 
from the Terra (EOS AM) and Aqua (EOS PM) satellites. Terra MODIS and Aqua MODIS are 
viewing the entire Earth's surface every 1 to 2 days, acquiring data in 36 spectral bands between 
0.405 and 14.385 µm, at three spatial resolutions: 250m, 500m, and 1,000m. The MODIS 
products are post processed to generate several temporal resolutions at the three typical spatial 
resolutions. Those temporal resolutions are as follows: daily (1-day), weekly (8-day), and 
monthly. Further, Bands 31 and 32 provide LST information (Wan, 1999), which can be used for 
SUHI exploratory analysis. A weekly 1km MODIS LST product is selected for the exploratory 
analysis of the summer season of 2002, which coincides with the Landsat ETM image analyzed 
in Chapter 5 of this dissertation.  
Defined by Regional Plan Association, the study area for the exploratory analysis is the 
thirty-one county NYMR, which houses over 20 million inhabitants (Yaro and Hiss, 1996). For 
the NYMR exploratory analysis two MODIS images are merged together to produce a total of 
twenty-four NYMR images for the MODIS database.   
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Figure 26 Average Land Surface Temperature for week of August 13, 2002 
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MODIS image H12 V4 captures almost the entire NYMR and MODIS image H12 V5 is only 
needed to capture a portion of Ocean County, NJ. There are twelve daytime (~10:30am) and 
twelve nighttime (~10:30pm) images that represent average weekly LST.  Figure 26 depicts two 
of the twenty-four LST images in the MODIS database. 
During the summer 2002, two heat waves occurred and may be captured in the imagery. 
According to the National Weather Service’s Historical Climatological Data for the Central Park 
(2011), NY, a heat wave of 90°F+ occurred for 8 days between July 29, 2002 and August 5, 
2002. The temperatures recorded during the heat wave are 96, 95, 95, 96, 97, 90, 92, and 91, 
respectively. A second heat wave occurred six days later, which coincides with the Landsat 7 
ETM+, image employed in Chapter 5. The heat wave lasted for 9 days between August 11, 2002 
and August 19, 2002.  The temperatures recorded during the heat wave are 92, 96, 98, 95, 92, 93, 
94, 94, and 94 respectively. These heat waves are recorded on the list of longest heat waves 
observed at this weather station. The weather station has monitor weather since 1868 (NWS, 
2012). 
 
4.1.2 Urban-Rural Areas Data 
Three additional datasets are employed to complete the exploratory analysis in this 
Chapter. An ‘Urban-Rural Areas’ map is generated using 2000 population density data at the US 
Census tract geography level.  The rural areas are defined as i) the areas where the population 
density is less than 150 inhabitants per square mile, and ii) the areas must not be classified within 
the urban areas of the MODIS 2001 land cover map. The second step is to remove the low-
density commercial and industrial areas from the rural areas map.  The remaining areas in the 
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NYMR are considered to be urban areas. Once the Urban-Rural Areas map is generated it can be 
spatially joined to the MODIS database. 
 
4.1.3 Population Density Data   
A ‘Population Density’ Map is generated using the 2000 population and land area data at 
the Census tract level geography. Applying the land development typology that RPA (2008) 
employed to categorize the nation’s megaregions into six typical population densities. The 
typology provides for common development typologies that are most often referred to within the 
field of urban planning. Once the Population Density map is generated, it can be spatially joined 
to the MODIS database. 
 
4.1.4 Municipalities Data 
To complete the third categorization in this exploratory analysis, a municipality 
boundaries map is obtained from the 2000 US Census County Subdivisions. There are six 
hundred and seven municipalities in the NYMR. The municipality boundaries map is then 
spatially joined to the regional MODIS database.  
Once the MODIS dataset is compiled with the primary and the supplementary data; it can 
provide a researcher the ability to capture the extent and magnitude of the regional SUHI effect 
within the suburbs of the NYMR. 
 
4.2 MEASUREMENT OF THE SURFACE URBAN HEAT ISLAND EFFECT 
The methods for the exploratory analysis, which seek to measure the NYMR’s SUHI 
effect during the summer of 2002, are threefold. First, the Streuker (2003) approach is applied to 
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establish a baseline measurement of urban and rural LST differences. This is the most common 
approach to describing the magnitude of temperature differences between the urban and rural 
areas.  To capture the variation of LST differences within the suburban areas, a population 
density approach is executed. The population density approach is an opportunity to provide more 
detail than urban-rural areas, because the urban areas are split into four different population 
density categories: exurban, suburban sprawl, dense suburban, and urban. A comparison of the 
two categorizations is located in Table 9. 
Table 9 A Comparison of Urban-Rural Areas and Population Density Categorizations 
Urban – Rural Areas Categorization Population Density Categorization 
Rural Areas 
 
Less than 150 
inhabitants per square 
mile 
Natural areas  Less than 25 inhabitants per 
square mile  
Rural Areas 26 to 150 inhabitants per 
square mile 
Urban Areas Over 150 inhabitants 
per square mile 








2,501 to 10,000 inhabitants 
per square mile 
Urban areas More than 10,000 
inhabitants per square mile 
  
The third and final step of the exploratory analysis is to describe each municipality’s 
SUHI intensity, and the relationship between SUHI intensity and average population density in 
the NYMR during the summer of 2002.  
To obtain SUHI intensity of every point in the MODIS database, the average LST of all 
the rural points in a given LST image is subtracted from each point in a given LST image. 
Equation 8 is used to calculate the SUHI intensity: 
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Equation 8 Surface Urban Heat Island Intensity  
SUHI(x,y) = LST(x,y) - Average Rural LST (Rural x,y) 
This step is completed for all twenty-four images in the MODIS Database. Next, a summary 
function is employed in ArcGIS program to generate a SUHI intensity summary table for the 
each of the three categorizations.  
 
4.3 ANALYSIS AND RESULTS  
A review of the literature indicates that the summer SUHI intensity is approximately 
4.3°C (7.74°F), which is four times stronger than the winter SUHI intensity observed (Imhoff et 
al., 2010). Their research indicated the presence of diurnal and seasonal SUHI using MODIS 
LST data products. The exploratory analysis is an important step towards mitigating the existing 
and future SUHI effect in the NYMR. This section presents the analysis and results of the three 
categorizations to describe the daytime and nighttime SUHI effect during the summer of 2002.  
 
4.3.1 Visual Analysis of the Summertime Surface Urban Heat Island  
A visual analysis of the results is completed for all twenty-four images in the MODIS 
database. Two images, associated with the week beginning on Day 225, are presented in Figure 
27 to highlight the results of the visual analysis. In Figure 27.a, the analysis indicates that the 
daytime surface heat island intensity values are greater than the nighttime surface heat island 
intensity values, which are depicted in Figure 27.b. The daytime images reveal a relationship 
between population density and land surface temperature, where increases in population density 
maintain greater LSTs than areas with lower population density. The daytime images suggest a 
stronger relationship with amount of impervious coverage in a given area even though images  
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Figure 27 Surface Urban Heat Island for the Week of August 13, 2006 
A. Daytime 
 
B.  Nighttime 
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capture the UHI intensity at 10:30am. The 10:30am daytime and 10:30pm nighttime images 
reveal different SUHI intensities exist based upon the time of day that the images are captured.  
The SUHI intensity values do not describe the magnitude of excess urban warming in the 
NYMR. 
 
4.3.2. Summertime Surface Urban Heat Island by Urban-Rural Categorization 
The summarization of the Urban-Rural Areas is completed for all twenty-four images in 
the MODIS database. This summarization reveals that the average weekly daytime (10:30 am) 
SUHI values range from 2.62°F to 5.91°F. The average daytime SUHI peaks in the second week 
of August (Day 225), coinciding with the second heat wave during the summer of 2002.  
Figure 28 The Average Weekly Surface Urban Heat Island Intensity for Summer 2002 
 
The urban-rural analysis of the twelve nighttime LST images indicates that the average weekly 
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the urban-rural categorization results. For detailed statistical results for each LST images in the 
MODIS database see Appendix C.  
 
4.3.3. Summertime Surface Urban Heat Island by Population Density Categorization 
The summarization of the Population Density Categorization is completed for Day 225 
images in the MODIS database. The population density analysis results indicate that both the 
daytime and nighttime SUHI measures vary by population density.  The daytime summarization 
reveals that the urban area’s SUHI intensity, in the population density categorization, is three 
times stronger than the urban areas in the Urban-Rural Areas categorization. Moreover, there is a 
significant temperature difference between rural areas and natural areas. This difference is not 
captured in the Urban-Rural Areas categorization.  The degree of daytime LST variation, as 
captured by the population density categorization, is presented in Figure 29.a.  
The nighttime summary reveals that the urban area’s SUHI intensity, in the population 
density categorization, is five times stronger than the urban areas in the Urban-Rural Areas 
categorization. Moreover, there is a significant temperature difference between the suburban 
categories. This difference is not captured in the Urban-Rural Areas categorization.  The degree 
of nighttime LST variation, as captured by the population density categorization, is presented in 
Figure 29.b. 
A comparison of the two categorizations is completed. As depicted in Figure 30, 
Somerset County is classified as an urban area in the rural-urban categorization. In the 
population density categorization, Somerset County maintains an exurban, a suburban, and a 
suburban category.  
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Figure 29 Surface Urban heat Island for August 13, 2002 by Urban - Rural Categorization 
and Population Density Categorization 
A. Daytime 
  
B. Nightime  
  
  
Average Weekly Daytime SHI (°F) for August 13 - 20, 2002









































Average Weekly Nighttime SHI (°F) for August 13 - 20, 2002
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Figure 30 Comparison of Categorizations in Somerset County, N.J. 
 
 
4.3.4. Summertime Surface Urban Heat Island by Municipality 
The summarization of the municipalities is completed for Day 225 daytime and nighttime 
images in the MODIS database. The maps of municipal SUHI Intensity are shown in Figure 31. 
The visual analysis and results provide evidence that both the daytime and nighttime SUHI 
measures are positively correlated to population density. For the detailed statistical results by 
municipality see Appendix D for daytime and Appendix E for nighttime statistics.   
Focusing on Somerset County, the average daytime SUHI by municipality is between 5˚F 
and 21˚F. The minimum daytime SUHI captured on ‘Day 225’ by municipality, in the Somerset 
study area, is between 1.48˚F and 16.56˚F. Minimum SUHI occurs in locations with low  
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Figure 31 Surface Urban Heat Island by Municipality 
A. Daytime 
   
B. Nighttime 
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population density or more natural areas, such as parks.  The maximum SUHI by municipality, in 
the Somerset study area, is between 9.79˚F and 26.6˚F.   The locations with maximum SUHIs are 
industrial areas, areas with extremely dense populations, or areas with extremely high amounts 
of impervious surfaces. 
Table 10 Summary of the Descriptive Statistics for Correlation and OLS Regression 
Analyses 






LN (Population Density) 6.926 1.58 556 
Population Density  
(Inhabitants per sq mi) 
2,855 5,332 556 
SUHI (°F)  7.504 6.805 556 
 






LN (Population Density) 6.941 1.59 559 
Population Density  
(Inhabitants per sq mi) 
2,989 5,874 559 
Average SUHI (°F)  3.136 2.67 559 
 
Again focusing on Somerset County, a summary of the nighttime SUHI by municipality 
indicates the average daytime SUHI by municipality is between 1.94˚F and 7.2˚F. The difference 
between highest and lowest average SUHI by municipality is much tighter than during the 
daytime on Day 225. The minimum daytime SUHI captured on ‘Day 225’ by municipality in the 
Somerset study area is between 0˚F and 7.2˚F. These locations are low population density, or 
parks, and more natural areas. Finally the maximum SUHI by municipality in the Somerset study 
area is between 3.6˚F and 7.2˚F.   Similar to the average nighttime SUHI by municipality in 
Somerset, the minimum and maximum nighttime SUHI captured also maintain tighter ranges as 
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compared to the minimum and maximum daytime SUHI captured by the summer 2002 MODIS 
data. 
Figure 32 Relationship between Surface Urban Heat Island Intensity and Population 
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The map of the average nighttime SUHI indicates that the five counties of New York 
City and the areas that are within 50km of Central Park in NYC are generally warmer than areas 
further from NYC. The municipalities that are closest to NYC are between 5-10˚F warmer than 
the rural LST.   
During the visual analysis of bar charts, histograms, and q-q plots it is revealed that 
population density within the NYMR does not follow normal distribution. However, the natural 
log of population density is calculated and found to have a normal distribution for further 
parametric statistical testing.  
For the Municipalities categorization, descriptive statistical analyses are completed prior 
to correlation and regression analyses. Table 10 presents the descriptive statistics for population 
density, natural log of population density, and the SUHI Intensity.  
The correlations analysis is completed for both the daytime and the nighttime Day 225 
image, in the MODIS database. Pearson’s correlation coefficient is employed. In both cases, a 
one-tailed test for statistical significance is used.  The scatterplots, shown in Figure 32, provide 
visual evidence of a positive relationship between the average SUHI and LN (Population 
Density).  
The nighttime image in Figure 32.b reveals a stronger positive correlation (0.615) 
between population density and SUHI Intensity than the daytime image shown in Figure 32.a; 
which also maintains a positive correlation (0.562) between population density and SUHI 
Intensity.  
An Ordinary Least Squares (OLS) Regression is completed for the daytime and nighttime 
Day 225 image. In both cases, a one-tailed test for statistical significance is used.  A significant 
relationship (p<0.0005) is found between the average LN (population density) and the average 
Chapter 4 106 
measured daytime and nighttime SUHI by municipality. The average LN (population density) 
within the NYMR can account for approximately 52 percent of the variation of average daytime 
SUHI (~10:30am). The average LN (population density) within the NYMR can account for 
approximately 61 percent of the variation of the average nighttime SUHI (~10:30pm). The 
results are summarized in Table 11 and detailed statistical results are presented in Appendix F.  









of R and R2 
 (1-tailed) 
Daytime 0.722** Y= 3.1064Ln(x) -14.011 0.521** 
0.000 
Nighttime 0.784** Y=1.3173Ln(x) -6.0079 0.615** 
0.000 
** The correlations are statistically significant at the 0.0005 (99.9%) level (1-tailed).  
** The regressions are statistically significant at the 0.0005 (99.9%) level (1-tailed).  
 
4.4 SUMMARY 
The exploratory analysis shows that the daytime and nighttime regional SUHI in NYMR 
varies spatially with higher LSTs corresponding to areas with higher population densities and 
lower LSTs corresponding to areas with lower population densities. The average daytime SUHI 
by population density categorization reveals that within the NYMR: 
• Exurban areas maintain an average daytime SUHI of 3.2°F; 
• Suburban Sprawl areas maintain an average daytime SUHI of 6.59°F, which is double 
that of the exurban areas; and 
• Dense Suburban areas maintain an average daytime SUHI of 12°F, which is double 
the SUHI as compared to the suburban sprawl areas. 
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• The Urban areas greater than 10,000 inhabitants per square mile maintain an average 
daytime SUHI of 15.6°F. Meanwhile, the urban areas in the urban-rural 
categorization maintained an average daytime SUHI of 6°F.   
The results indicate that the nighttime SUHI is not as strong as the daytime SUHI, when 
using the MODIS LST data. A summary of the average nighttime SUHI by population density 
categorization reveals that within the NYMR: 
• Exurban areas maintain an average nighttime SUHI of 1.15°F; 
• Suburban sprawl areas maintain an average nighttime SUHI of 2.57°F, which is 
double the exurban areas; and 
• Dense suburban areas maintain an average nighttime SUHI of 4.38°F, which is four 
times the SUHI as compared to the exurban areas. 
• The Urban areas maintain an average nighttime SUHI of 6.05°F, which is five times 
that of the exurban areas. In comparison, the urban areas captured in the urban-rural 
areas categorization maintain an average nighttime SUHI of 1°F, which is 
significantly less than the population density categorization.  
The discovery that the measured SUHI varies within the Somerset study area provides 
evidence to reject the 1st null hypothesis that, the measured differences in regional SUHI effect 
will not depict spatial variation within the suburbs of the NYMR. 
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CHAPTER 5 RELATIONSHIP BETWEEN LAND USE LAND COVER, LAND USE 
POLICY AND SURFACE URBAN HEAT ISLAND  
 
LST modulates the air temperature of the lower layer of urban atmosphere and is a 
primary factor in determining surface radiation and energy exchange, the internal climate of 
buildings, and human comfort in the cities (Voogt and Oke, 1998). Vegetation transpiration via 
the latent heat flux is known to modulate LST (Carlson et al, 1994). For more than four decades, 
NDVI has been incorporated with LST to measure the impacts of urbanization (Rao, 1972); these 
efforts have led to extensive documentation of the relationship between LST and NDVI reveal 
that lower LSTs are usually found in areas with high NDVI values, which infer a larger fraction 
of vegetation in a pixel (Lo et al., 1997; Gallo and Owen, 1999; Yuan and Bauer, 2007; Weng 
2009; Lui et al., 2011).  
The statistical relationship between NDVI and LST is nonlinear due to the predominantly 
bare ground surfaces which tend to exhibit larger variation in surface radiant temperature than 
the densely vegetated LULC types and takes on a triangular shape in scatterplots (Carlson et al. 
1994; Gillies & Carlson, 1995; Owen et al., 1998).  The non-linearity and variability of this 
relationship are a result of plant species, leaf area, soil background, and shadow (Jasinski, 1990). 
However among the positive NDVI values, a strong linear relationship is apparent during the 
summer and fall seasons due to vegetation transpiration (Yuan and Bauer, 2007; Liu et al., 
2011).  
The relationship between NDVI and LST by LULC has been documented at length (Roth 
et al., 1989; Ridd, 1995; Lo et al., 1997; Weng, 2001 and 2003; Weng et al., 2004; Rosenzweig 
and Solecki, 2006; Weng, 2009). Therefore, the first set of analyses examined provides the 
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statistical relationship between NDVI and LST by LULC, which can be compared to other 
studies. The analysis was expected to prove that raster data is not as effect as vector data to 
achieve the objective, which seeks to reveal the statistical relationship between NDVI, LST, and 
land use land cover.  
The strength of the statistical relationship between NDVI and LST suggests other factors 
are contributing to LSTs than LULC. To improve statistical modeling of LST, researchers have 
examined the applicability of employing existing administrative or regulatory (Wilson et al., 
2003; Stone and Norman, 2006), biophysical or demographic (Xiao et al., 2008) parameters as 
well as generating new indices characterizing amount of build-up (Zhang et al., 2009). In this 
research, zoning regulations are chosen because these regulations contain restrictions on the type 
of land uses and activities, the maximum heights and density of buildings, and the extent of 
impervious coverage and open space. These regulations are known to have a profound impact on 
the physical characteristics of area of land and it’s subsequent surface energy balance (Wilson et 
al., 2003). Hence, the second set of statistical analyses investigated the use of vector based tax lot 
data linked to tax lot size requirements from zoning regulations to improve in the pursuit to 
description the statistical relationship between NDVI, LST, and land use land cover.  
Current research on UHI indicates that even though suburban areas, which maintain 
lower population densities and lower air- and surface temperatures than densely populated urban 
areas contribute to the expansion of the urban heat island effect (Stone and Norman, 2006). 
Stone and Norman (2006) document that lower density tax lots have a greater thermal footprints 
(black body flux) than higher density tax lots. Applying the methods of Price (1979), Stone and 
Rodgers (2001) and Stone and Norman (2006), I anticipated that a measure of thermal footprint 
of lower density tax lots would be greater than higher density tax lots. Hence, a third and final set 
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of empirical analyses are completed to determine the cumulative impact of residential 
development and it’s relationship to tax lot size.  
  
5.1 INFLUENCE OF LAND USE LAND COVER ON NORMALIZED DIFFERENCE 
VEGETATION INDEX AND TEMPERATURE BRIGHTNESS 
A baseline statistical analysis for the study area is completed to describe the relationship 
between average TBrightness and NDVI by LULC category. The results of this analysis compared 
for the study area and the ten LULC categories. Based on previous studies, it’s assumed there 
will be a strong negative nonlinear correlation between NDVI and land surface temperature 
specifically during the summer season (Roth et al., 1989; Ridd, 1995; Lo et al., 1997; Weng, 
2001 and 2003; Weng et al., 2004; Rosenzweig and Solecki, 2006). Therefore, it is hypothesized 
that the results of this study will indicate the presence of a significant negative nonlinear 
relationship between average TBrightness and NDVI and it will vary by LULC.  
This section presents the analyses and results of the visual analyses, descriptive statistics, 
correlations, ordinary least squared regression analyses, and concludes with a summary of the 
hypothesis tested.  
 
5.1.1 Qualitative Assessment 
A visual analysis of the NDVI and TBrightness maps and charts is completed. The 
histograms and Q-Q plots of TBrightness and NDVI are reviewed to confirm that the data is 
normally distributed for all the cases and then by each LULC category.  The visual review of 
histograms, q-q plots and the scatterplots depicts the presence of a negative nonlinear 
relationship between TBrightness and NDVI across the different LULC categories. These tests also 
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reveal that there are outliers within the database. However these outliers, due to the large sample 
size are not removed from the database.  
The scatterplots of the TBrightness and NDVI, as depicted in Figure 33, are visual 
confirmation that there is a negative nonlinear relationship between these two variables. As 
expected, the four urban developed land use categories, upland forest and the cultivated grasses 
category indicate strong negative relationship between the NDVI and TBrightness. This means as 
the TBrightness increases as the NDVI decreases. Wetlands categories and water category also 
behaved as expected appearing to have no correlation between the two variables. Unconsolidated 
shoreline (barren) scatterplot of NDVI and TBrightness appears to have a minimal correlation. 
The maps of the TBrightness and NDVI also reveal correlations by LULC. Locations with 
greater amounts of vegetation and less impervious surfaces maintain cooler TBrightness values. 
Cooler LULC categories included: upland forests, woody wetlands, and lightly developed – 
wooded (25-50% impervious surfaces). Meanwhile, locations with less vegetation and more 
impervious surfaces maintain warmer TBrightness values.  Warmer LULC categories included: 
cultivated grasses, estuarine wetlands, lightly developed – unwooded (25-50% impervious 
surfaces), moderately developed (50-75% impervious surfaces), and highly developed (more 
than 75% impervious surfaces). The maps confirm the presence of cool- and hot- surface urban 
heat islands within the overall study area.   
When the tax lots are overlaid on to the LULC in the ArcGIS program, the tax lots maps 
reveal that the resolution of the LULC data captured multiple tax lots. Moreover, the categories 
within the LULC map do not provide the detail necessary to complete an analysis similar to 
Stone and Norman (2006), which captured a mixture of grasses, trees, and impervious surfaces 
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includes buildings, driveways, patios, and other surfaces to explain the land surface condition 
present on each tax lot.  
 
5.1.2 Descriptive Statistics 
A descriptive statistics analysis established measures of central tendency and spread of 
NDVI and TBrightness values for each LULC category. All 860,375 data points are analyzed. The 
2002 LULC data (Lathrop, 2004) captures landscape at a single point in time and 30-meter 
spatial resolution clipped to the study area.  Table 12 depicts a summary of the LULC geospatial 
database, which includes: the category names, the total number of samples per category, and 
percentage of each category within the study area, the average NDVI per LULC and minimum, 
maximum, average, and standard deviation of TBrightness per LULC.  
The descriptive statistics established a baseline measure of the NDVI data and the 
TBrightness data by LULC. The highly developed land use category indicates the highest average 
TBrightness and the lightly developed -wooded land use category indicates the lowest average 
TBrightness.  Results provide evidence that there is a 7˚F difference between the developed land use 
categories. There is an 8˚F to 9˚F difference in Brightness Temperature between the developed 
land use categories and woody wetlands and the upland forest categories, respectively. The 
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50,945 5.9 0.206 74.11 95.264 80.67 2.1 
250 Water 2,920 0.3 -0.049 74.97 100.067 81.105 3.068 
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5.1.3 Correlations  
A correlations analysis for all cases and then each LULC category is completed. 
Pearson’s correlation coefficient is employed to determine the statistical correlation between the 
NDVI and the TBrightness for all cases and then for each LULC category. Results indicate that the 
NDVI generally tends to be negatively correlated with Brightness Temperature. Table 13 depicts 
the correlation results by LULC category.	  	  
Table 13 Correlations between Normalized Differential Vegetation Index and Brightness 
Temperature by Land Use Land Cover Category 
GRID 




























120 Cultivated Grasses -0.706 
0.000 
140 Upland Forest -0.625 
0.000 
160 Unconsolidated Shore -0.444 0.000 
200 Estuarine Emergent Wetland -0.466 0.000 
240 Palustrine (Woody) Wetland -0.414 0.000 
250 Water -0.167 0.000 
* The correlations are statistically significant to the 0.0005 (99.9%) level (1-tailed). 
Chapter 5 115 
Figure 33 Scatterplots by Land Use Land Cover Category 
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Overall, the strongest correlation between TBrightness and NDVI (-0.808) occurred when 
examining all cases. By individual LULC category, the strongest correlation between TBrightness 
and NDVI is found for the moderately developed (50-75% impervious) (-0.728), and then 
followed by upland forest (-0.703). The least correlation is found over the water (0.167).  All 
correlations were statistically significant at the 0.0005 (99.9%) level (1-tailed). As suggested in 
the literature, review of the scatterplots confirms that the relationship between NDVI and 
Brightness Temperature is nonlinear.  
 
5.1.4 REGRESSION ANALYSIS 
An OLS Regression analysis for all cases and then for each LULC category is completed. 
The dependent variable is TBrightness and the independent variable is NDVI. The results of the 
regression coefficient between TBrightness with NDVI are depicted in Table 14.  
When compared to Rosenzweig and Solecki (2006), the results of this dissertation 
research suggest that NDVI plays a stronger role in predicting TBrightness.  The simple regression 
analysis indicates that two-thirds of the variation observed for TBrightness can be explained by the 
NDVI. However there was an expectation within the suburb areas, which overall are less dense 
than the NYC, that the TBrightness would have a stronger nonlinear relationship with NDVI 
considering there should be less factors playing a role in the variation of the TBrightness.  
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Table 14 Relationship between Normalized Differential Vegetation Index and Brightness 
Temperature by Land Use Land Cover Category 
GRID 








ALL ALL Y = (-22.346) XNDVI -86.399 0.652 
0.000 
111 Highly Developed (>75% impervious) 
Y = (-19.812) XNDVI -
86.597 0.338 
0.000 
112 Moderately Developed (50-75% impervious) 




Lightly Developed - 
Wooded 
(25-50% impervious) 




Lightly Developed - 
Unwooded 
(25-50% impervious) 
Y = (-21.803) XNDVI – 
87.324 0.486 
0.000 
120 Cultivated Grasses 
Y = (-20.008) XNDVI – 
86.740 0.499 
0.000 
140 Upland Forest 
Y = (-17.330) XNDVI – 
84.982 0.391 
0.000 
160 Unconsolidated Shore Y = (-10.057) XNDVI – 86.539 0.197 
0.000 
200 Estuarine Emergent Wetland 
Y = (-17.15) XNDVI – 
84.412 0.217 
0.000 
240 Palustrine (Woody) Wetland 
Y = (-11.305) XNDVI – 
83.00 0.171 
0.000 
250 Water Y = (-3.451) XNDVI – 80.934 0.028 
0.000 
* The regressions are statistically significant to the 0.0005 (99.9%) level (1-tailed).  
 
5.2 INFLUENCE OF RESIDENTIAL TAX PARCEL SIZE ON NORMALIZED 
DIFFERENCE VEGETATION INDEX AND TEMPERATURE BRIGHTNESS  
Based on the results of the last section, several additional regressions are designed to 
describe the relationship between NDVI, TBrightness and land use policy. This section also 
describes how minimum tax lot size influences NDVI and TBrightness and to calculate the total net 
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black block flux by minimum tax lot size. Land use policy in this study focuses on policy that 
generates housing density. Therefore, the land use policy is defined by minimum lot size 
requirements after reviewing the zoning regulations within the study area. Therefore, it is 
anticipated that there will be a significant negative nonlinear statistical relationship will exist 
between TBrightness, NDVI, and minimum lot size, and the minimum lot size will significantly 
influence the TBrightness and NDVI in study area.   
This section presents the qualitative and quantitative results of the tax lot investigation of 
the zoning regulations minimum lot size, TBrightness and NDVI. The following sections focus on 
presenting the results of the qualitative assessment, descriptive statistics, correlations, 
regressions, comparison of means analyses, and an analysis of the total net blackbody flux by 
minim lot size.  
5.2.1 Qualitative Assessment 
A graphical analysis similar to the outlier and visual assessment of histograms, Q-Q 
plots, P-P-plots, and scatterplots conducted in Chapter 5 is completed to determine the data’s 
distribution. The visual analysis and results confirm that the TBrightness and NDVI at the tax lot 
level follows a Gaussian distribution. For that reason, quantitative parametric testing is employed 
in the subsequent analyses.  
The scatterplots shown in Figure 34 depicts the relationship between TBrightness and NDVI 
by minimum lot size category. For categories greater than 5,000-6,000 sqft, a strong negative 
correlation exists between the two variables. Moreover, the relationship appears linear instead of 
nonlinear and grows stronger as the minimum lot sizes increase. This means the larger sized tax 
lot maintains greater amounts of vegetation. The smallest tax lots maintain less amounts of 
vegetation and appear to have a nonlinear relationship that is not as strong as the larger tax lots. 
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As compared to previous section, the relationship appears to be both linear and stronger between 
the variables by minimum lot size than by land use land cover. In the correlations section, the 
scatterplots are analyzed to determine the significance of their statistical relationship.  
Each tax lot in the study area maintains an average TBrightness and NDVI data value. The 
maps employed in the qualitative assessment visually confirm that minimum lot size categories 
may be better suited to examine how local land use policy’s influence on TBrightness and NDVI 
than the LULC categorizes previously examined.  
5.2.2 Descriptive Statistics  
A descriptive statistics analysis is completed to establish the average and standard 
deviation of the TBrightness and NDVI by minimum lot size. A total of 143,719 residential tax lots 
are analyzed. All the tax lots fall within one of sixteen minimum lot size categories, which are 
outlined in Chapter 3.  
The TBrightness and NDVI results indicate that there is a range between residential 
minimum lot size groupings is 6°F.  The less than 0.1-acre tax lot category maintains the highest 
average TBrightness (88.47°F) and negative NDVI (-0.05). The tax lots in the 4 to 8- acre category 
maintain the lowest average TBrightness (82.74 °F) and positive NDVI (0.146). The results indicate 
the largest tax lots maintain measured NDVI (0.1), which is less than the typically observed 
NDVI data values for vegetated forest cover (0.4) and less than the observed LULC upland forest 
(0.2) in previous section.  
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Figure 34 Scatterplots of NDVI and TBrightness by Minimum Lot Size  
 
R = -0.674 
R = -0.761 
 
R = -0.735 
 
R = -0.724 
R = -0.740  R = -0.772 
 
R = -0.803 
 
R = -0.788 
 
R = -0.802 R = -0.869 
 
R = -0.845 
 
R = -0.880 
 
R = -0.859 
 R = -0.877 
 
R = -0.894 
 
R = -0.901 
*Correlations are significant at the 0.0005 (99.9%) level (1-tailed).	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Figure 35 Average TBrightness and NDVI by Minimum Lot Size Grouping*  




* The error bars in the both bar charts represent +/- one standard deviation of the average 
Brightness Temperature and NDVI.	  
	  
A graphical analysis is completed for the TBrightness and NDVI descriptive statistics by 
minimum lot size category. The bar charts of the average TBrightness and NDVI by minimum lot 
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one standard deviation of the average. The graphical analysis and results found that greater 
amounts of vegetation occur with increases in tax lot size and that the lower measures of 
TBrightness occur with increases in tax lot size. 	  
	  
5.2.3 Correlations  
Pearson’s correlation coefficient is completed to determine the statistical correlation 
between NDVI and TBrightness by minimum tax lot size category in Somerset County, New Jersey. 
The strongest correlation between TBrightness and NDVI is found over the 12-acre tax lots, which 
were generally zoned for 5% maximum impervious cover per tax lot. The results confirm that the 
statistical relationship is stronger than the LULC categories examined in the last section.   
Table 15 Correlations between Normalized Differential Vegetation Index and Brightness 
Temperature by Minimum Lot Size Requirements 






ALL ALL -0.847 0.000 
1 2,000 - 3,200 -0.674 0.000 
2 5,000 - 6,000 -0.761 0.000 
3 7,000 - 8,000 -0.735 0.000 
4 10,000 - 12,000  (1/4 acre) -0.724 0.000 
5 15,000 - 18,000 (1/3 acre) -0.740 0.000 
6 20,000 - 22,000 (1/2 acre) -0.772 0.000 
7 24,000 - 25,000 -0.803 0.000 
8 3/4 acre -0.788 0.000 
9 40,000 - 43,560  (1 acre) -0.802 0.000 
10 50,000 -0.869 0.000 
11 60,000 - 65,340 -0.845 0.000 
12 2 acre -0.880 0.000 
13 130,000 - 137,500 -0.859 0.000 
14 218,750 (5 acre) -0.877 0.000 
15 435,000 (10 acre) -0.894 0.000 
16 15 acre -0.901 0.000 
17 20 acre or more -0.897 0.000 
*Correlations are significant at the 0.0005 (99.9%) percent confidence level (1-tailed). 
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All the correlations were statistically significant at the 0.0005 (99.9%) level (1-tailed). Figure 34 
shows the correlations by minimum lot size grouping. Table 15 summarizes the correlations.  
5.2.4 NDVI as an Explanatory Variable for Brightness Temperature  
The OLS regression analysis of the tax lots database is completed to determine the 
strength of NDVI as an explanatory variable for the TBrightness. Linking land use policy to SUHI 
effect through sixteen minimum lot size categories, sixteen separate OLS regressions are 
completed.  
Table 16 Relationship between Normalized Differential Vegetation Index and Brightness 
Temperature by Minimum Lot Size Requirements 







ALL N/A Y=-25.577XNDVI -86.808 0.717 0.000 
-1 2,000 - 3,200 Y=-20.697 XNDVI -87.290 0.454 0.000 
2 5,000 - 6,000 Y=-22.513XNDVI -86.601 0.58 0.000 
3 7,000 - 8,000 Y=-22.722XNDVI -86.711 0.54 0.000 
4 

















7 24,000 - 25,000 Y=-27.047XNDVI -87.042 0.645 0.000 
8 3/4 acre Y=-25.995XNDVI -86.762 0.62 0.000 
9 





10 50,000 Y=-30.026XNDVI -87.230 0.755 0.000 
11 60,000 - 65,340 Y=-28.613XNDVI -86.811 0.714 0.000 
12 2 acre Y=-30.070XNDVI -867.410 0.774 0.000 
13 130,000 - 137,500 Y=-29.121XNDVI -87.358 0.738 0.000 
14 218,750 (5 acre) Y=-26.863XNDVI -86.657 0.769 0.000 
15 435,000 (10 acre) Y=-28.079XNDVI -86.793 0.799 0.000 
16 15 acre Y=-26.778XNDVI -86.681 0.812 0.000 
17 20 acre or more Y=-28.662XNDVI -86.799 0.804 0.000 
*Regressions are significant at the 0.0005 (99.9%) percent confidence level (1-tailed). 
Overall the minimum lot size groupings provide stronger model for NDVI to explain the 
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TBrightness. Dummy variables for the different municipality only strengthen the regressions 
models, confirming the influence local land policy has on the environment. Minimum lot size 
groupings less than 0.25 acres indicated less than half of the NDVI can explain the variation of 
the TBrightness by tax parcel.  Table 16, shows the results of the regression coefficients of 
determination (R2) between TBrightness with NDVI for all the minimum lot size categories based on 
zoning regulations. All correlations were statistically significant to 99.9% percent confidence 
level. 
The results can be grouped into three categories based on the amount of variation in 
TBrightness can be explained by the independent variable NDVI. Those categories are 
approximately three quarters, two-thirds, and less than half the TBrightness variation. All the 
minimum lot size categories where approximately three-quarters of the TBrightness can be 
explained by the NDVI were greater than one-acre lots. They also maintained the lowest 
maximum impervious coverage requirements as compared to the other minimum lot size 
categories. The minimum lot size categories where approximately two-thirds of the TBrightness can 
be explained by the NDVI maintained a wide range of maximum impervious coverage 
requirements between 10% and 65%.  
However, the majority of the tax lots appear to be zoned for 30% maximum impervious 
coverage. Last, the minimum lot size categories where less than half of the TBrightness can be 
explained by the NDVI were less than one-acre lots, with exception of the 1.3-1.5ac categories. 
The tax lots zoned for minimum lot sizes less than one-acre maintain a wide range of maximum 
impervious coverage between 20% and 70%.  
5.2.5 Comparison of Means by the Tax Parcel’s Minimum Lot Size  
A one-way analysis of variance (ANOVA) is completed to describe the significance of 
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the differences in the means of NDVI and TBrightness by minimum tax lot size categories. The 
analysis and results of the ANOVA test indicates that the variance between categories maintains 
a significant statistical difference between the minimum tax lot size category means. This implies 
that on average the size of the tax lots has significantly different impact on the average NDVI 
and TBrightness values as measured by the Landsat 7 ETM+ satellite.  
Table 17 Comparison of Means by Minimum Lot Size Category 
 
 
However, these results do not provide information on which tax lot size categories or 
Brightness Temperature
Category 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 1.24 1.50 2.09 2.85 3.04 2.84 3.68 4.18 3.47 5.46 4.35 5.02 5.73 4.17 5.19 3.56
2 0.26 0.85 1.61 1.80 1.59 2.43 2.93 2.23 4.22 3.11 3.77 4.49 3.93 3.95 3.56
3 0.59 1.35 1.54 1.33 2.17 2.67 1.97 3.96 2.85 3.51 4.23 3.67 3.39 3.30
4 0.76 0.96 0.75 1.59 2.09 1.38 3.37 2.27 2.93 3.64 3.08 3.10 2.71
5 0.19 -0.02 0.82 1.33 0.62 2.61 1.50 2.16 2.88 2.32 2.34 1.95
6 -0.21 0.63 1.13 0.43 2.41 1.31 1.97 2.69 2.12 2.15 1.76
7 0.84 1.34 0.63 2.62 1.52 2.18 2.90 2.33 2.36 1.96
8 0.50 -0.21 1.78 0.68 1.34 2.06 1.49 1.52 1.12
9 -0.71 1.28 0.18 0.84 1.55 0.99 1.01 0.62
10 1.99 0.88 1.55 2.26 1.70 1.72 1.33
11 -1.10 -0.44 0.27 -0.29 -0.27 -0.66
12 0.66 1.38 0.81 0.84 0.45
13 0.71 0.15 0.17 0.22




Category 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 -0.03 -0.05 -0.07 -0.10 -0.11 -0.11 -0.13 -0.15 -0.13 -0.19 -0.17 -0.19 -0.20 -0.18 -0.18 -0.17
2 0.03 -0.02 -0.04 -0.68 -0.08 -0.10 -0.12 -0.10 -0.16 -0.14 -0.16 -0.17 -0.15 -0.15 -0.14
3 -0.26 -0.05 -0.06 -0.06 -0.09 -0.10 -0.09 -0.14 -0.12 -0.15 -0.16 -0.14 -0.14 -0.12
4 -0.03 -0.04 -0.04 -0.06 -0.08 -0.06 -0.12 -0.09 -0.12 -0.13 -0.11 -0.11 -0.09
5 -0.01 -0.01 -0.04 -0.05 -0.03 -0.09 -0.07 -0.09 -0.11 -0.08 -0.09 -0.07
6 0.00 -0.02 -0.04 -0.02 -0.82 -0.06 -0.08 -0.09 -0.07 -0.08 -0.06
7 -0.02 -0.04 -0.02 -0.08 -0.06 -0.08 -0.09 -0.07 -0.75 -0.06
8 -0.01 0.00 -0.57 -0.03 -0.06 -0.07 -0.05 -0.05 -0.03
9 0.02 -0.04 -0.19 -0.04 -0.06 -0.03 -0.04 -0.02
10 -0.06 -0.04 -0.06 -0.07 -0.05 -0.05 -0.03
11 0.02 0.00 -0.01 0.01 0.01 0.02
12 -0.02 -0.04 -0.01 -0.02 0.00
13 -0.01 0.01 0.01 0.02
14 0.02 0.02 0.04
15 0.00 0.15
16 -0.18
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groupings differ from each other. A post-hoc test, Tamhane’s T2 to determine how each tax lots 
size category differs from the others is completed. Tamhane T2 is similar to a student t-test, but 
decreases the change of Type I error when determining whether to accept or reject the null 
hypotheses. As compared to other post-hoc tests, this statistic is appropriate for this analysis 
because groupings maintain unequal sample sizes (Hochberg and Tamhane, 1987).  
Table 17 depicts the results of the Tamhane post-hoc tests. The values in bold indicate 
cases where the mean critical values exceeded 0.5% confidence levels. Of the possible 136 
minimum lot size groupings 122 groupings exhibited significantly different average TBrightness 
values. Of the 136 possible minimum lot size groupings, 124 groupings exhibited significantly 
different average NDVI values. 
In summary, the ANOVA analysis provides evidence that the minimum lot size 
requirements influence the TBrightness and NDVI value differently and that the influence is 
statistically significant. 
 
5.3 THERMAL EFFICIENCY OF RESIDENTIAL DEVELOPMENT IN SOMERSET 
COUNTY 
Stone and Norman (2006) indicate that a magnitude measure at the tax lot scale more 
accurately describes the role of urbanization influence on the expansion of the urban heat island 
effect. Similar to the research findings of Stone and Rodgers (2001) and Stone and Norman 
(2006), I anticipated that larger residential lot sizes would result in larger thermal flux (W) than 
smaller residential tax lots.    
The net thermal flux (W) is calculated for all 115,384 residential tax lots in the Somerset 
County, New Jersey study area. This analysis is completed in a three-step process that generates 
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a net thermal flux per tax lot, which is then summarized by the minimum lot size categories. The 
results of this summarization are shown in Table 18. 
First, the total radiant flux (W) per tax lot is calculated by multiplying the average radiant 
flux density (Wm2) by the land area (m2). This calculation captures the total post-development 
radiant flux (W) per tax lot. The results are presented by minimum lot size category. 
Next it’s necessary to determine the pre-development radiant flux per tax lot. The average 
radiant flux density (W/m2) of a forested tax lot is chosen to generate this measure of pre-
development radiant flux (W). The chosen natural area is the Delaware and Raritan Canal State 
Park, which maintained an average of 8.35 Wm2. The total natural land cover flux (W) per tax lot 
is calculated by multiplying the total land area (m2) by the average radiant flux density (W/m2) of 
the chosen forested tax lot. The results of the calculation capture the total pre-development 
radiant flux density by minimum lot size category. 
Last, the net excess thermal flux (W) of a developed tax lot is calculated by subtracting 
the total post-development radiant flux (W) by the total pre-development radiant flux (W); and 
then multiplied by the area (m2) of each tax lot. The results of this calculation are summarized to 
capture the study area’s cumulative excess thermal energy (Wm2).  
Similar to Stone and Norman (2006), the summary by minimum lot size category 
provides evidence that residential tax lot size is related to the net thermal flux (Wm2) in the 
Somerset County study area. Particularly, smaller, high-density tax lots were found to be 
associated with a lower net thermal flux (Wm2) than larger, low-density tax lots.  The chart in 
Figure 36 captures this finding visually.  
The regression analysis indicates a positive exponential relationship exists between tax 
lot size (m2) and the net thermal flux (Wm2). The analysis indicates that the minimum tax lot 
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size accounts for 83% of the variation of the net thermal flux (Wm2).  The model was statistically 
significant to the 99.9% percentile.  
Table 18 Average Brightness Temperature and Thermal Efficiency by Minimum Lot Size 
Category 
















1 2,000 - 3,200 88.47 177 169 8 
2 5,000 - 6,000 87.23 4584 4393 191 
3 7,000 - 8,000 86.97 6335 6082 253 
4 10,000 - 12,000  (1/4 acre) 86.38 8941 8617 324 
5 
15,000 - 18,000 
 (1/3 acre) 85.62 12398 11996 402 
6 
20,000 - 22,000  
(1/2 acre) 85.43 16061 15544 517 
7 24,000 - 25,000 85.63 19553 18923 630 
8 3/4 acre 84.79 24512 23823 689 
9 
40,000 - 43,560   
(1 acre) 84.29 31397 30581 816 
10 50,000 85.00 40194 39029 1165 
11 60,000 - 65,340 83.01 53621 52545 1076 
12 2 acre 84.11 79864 77889 1975 
13 130,000 - 137,500 83.45 117502 115059 2443 
14 218,750 (5 acre) 82.74 206368 202916 3451 
15 435,000 (10acre) 83.30 344718 338081 6636 
16 15 acre 83.28 552003 540829 11174 
 
In contrast to my findings on the urban heat island intensity metrics, the results of the 
thermal efficiency analysis support the hypothesis that dispersed low-density patterns of 
suburban and exurban residential development contribute more surface energy to regional heat 
island formation than do more compact high- density patterns of urban development. This 
research also found that compact high-density patterns of urban development are known to 
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maintain greater UHI intensities. However, the exploration and implementation of UHI 
mitigation strategies such as tree planting programs, installation of green- and cool- roofs, and 
lastly the integration of cool construction materials and pavements provide solutions to reduce 
potential UHI intensity increases that would typically be found in compact high-density urban 
development.  
Figure 36 Net Thermal Flux (W/m2) Analysis 







In the Somerset County study area, a significant statistical non-linear relationship is 
found between NDVI and TBrightness on August 14, 2002 at approximately 10:30am. The NDVI 
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within the study area can account for approximately 62% of the variation of the TBrightness. An 
issue pertaining to tax lot size as compared to resolution of the LULC data requires subsequent 
analysis to better analyze the relationship between land use land cover versus land use policies, 
NDVI and Brightness Temperature. The results that NDVI is a factor in explaining the TBrightness 
differences in the suburban study area reject the 2nd hypothesis that, there will not be a 
significant relationship between TBrightness and NDVI and LULC.  
In the Somerset County study area, a significant statistical linear relationship is found 
between minimum tax lot size, NDVI and TBrightness on August 14, 2002 at approximately 
10:30am. The measured NDVI within the study area can account for approximately 71% of the 
variation of the measured TBrightness. The results that NDVI is a factor in explaining the TBrightness 
differences in the suburban study area reject the 3rd hypothesis that, there will not be a 
significant relationship between TBrightness, NDVI and minimum lot size and rejects the 4th 
hypothesis that, the minimum lot size will not be significantly influenced by the difference 
between the measured mean TBrightness and NDVI.  
Finally, a significant exponential relationship is found between net thermal flux (Wm2) 
and tax lot size on August 14, 2002 at approximately 10:30am. The measured net thermal flux 
(Wm2) can account of approximately 83% of the variation of the measure tax lot size. The results 
that net thermal flux is a factor in explaining the tax lot size in the suburban study area reject the 
5th null hypothesis that, larger low-density residential lot sizes will not have greater Net 
Thermal Fluxes as compared to smaller high-density residential lot sizes.  
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CHAPTER 6 FINDINGS, CONCLUSIONS, AND IMPLICATIONS  
 
Two centuries of increasingly extensive and intensive suburbanization (Hayden, 2003) 
has altered the land use land cover and in turn altered the surface energy balance within the 
metropolitan areas of the United States (Imoff et al., 2010), in particular the NYMR. An inter-
comparison of large U.S. cities (Imoff et al., 2010) characterizes the relationship between 
imperious surface area and surface urban heat island and highlighted a need to describe the 
regional and intra-regional relationship between land surface conditions of a range of urban 
surfaces and their impact on UHI.  
Over 65% of the New York Metropolitan Region is considered suburban yet the range of 
the intra-regional surface urban heat island and its relationship to local land use policy is largely 
undefined. The aim of this study was accomplished by describing the spatial extent and 
magnitude of the surface urban heat island effect as it pertains to the suburban areas of the 
region. Moreover, the study captured how suburban land use policy influences the observed 
SUHI in the suburbs of this region. 
The literature indicates that remotely sensed data is increasingly being used to monitor 
the regional SUHI effect (Voogt and Oke, 2003) and that researchers are employing MODIS 
LST products (Hung et al., 2006; Tran et al., 2006; Imhoff et al., 2010; and Peng et al., 2012) to 
identify the spatial and temporal variability of SUHI effect for inter-regional comparative 
analysis. So to support the study’s objectives, I compiled a combination of remote sensing data 
from different platforms as well as supplemental state and local planning datasets to describe the 
interplay between surface urban heat island, land use land cover and land use policy. 
Specifically, MODIS LST data with a spatial resolution of 1km and a weekly temporal resolution 
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was compiled and examined for the summer season of 2002. In addition, a August 2002 Landsat 
7 ETM+ image was employed to generate Brightness Temperature map with a spatial resolution 
of 60 meters and s NDVI map with a spatial resolution of 30 meters.  
Recent literature reveals contradictions to earlier UHI research findings that were 
incorporated into the methodologies of this dissertation study. Hinkel et al. (2003) revealed that 
UHI magnitudes for municipalities with total populations less than 5,000 inhabitants might be 
higher than previous observations (Oke, 1973). Wilson et al. (2003) methods revealed zoning 
districts maintain significantly difference influence on the mean LST and NDVI values as 
compared to Streuker (2003) method, which captures the mean land surface temperature 
differences between urban and rural defined areas.  Cox et al. (2004) employed range of 
developed land use categories from a land use land cover data set, revealing a range of land 
surface temperatures in urban areas based on density of development.  Further, Stone and 
Norman (2006) revealed that majority of the literature does not link the cumulative effect of land 
use policy on the manifestation of UHI effect and developed a method to measure the cumulative 
impact of suburban development by calculating excess thermal fluxes by tax parcel. Their 
research promulgated concepts by Price (1979) to reveal quantitative evidence that links 
municipal population density, development, and the generation of excess thermal energy. A 
review of the literature led to several questions, which are as follows:  
• What is the spatial extent of the UHI effect in the NYMR? 
• What is the intensity of the SUHI effect in the suburban areas of the NYMR, which are 
neither high-density urban nor low-density rural?  
• Does the intensity of the SUHI effect vary among the suburban areas of the NYMR, 
which maintain a range of moderate-densities? 
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• How does minimum lot size influence the intensity of the SUHI effect in suburban areas? 
• How does magnitude measure differ from an intensity measure of the UHI effect? 
The answers to these questions are summarized next.  
 
6.1 FINDINGS AND CONCLUSIONS 
The research in this dissertation described a range of daytime and nighttime SUHI 
intensities that exist within the suburbs of the NYMR. Further, the research described the 
interplay between surface urban heat island, land surface condition, land use land cover, land use 
policy, and zoning regulation. Moreover, this dissertation described how local land use policy 
influences SUHI intensity, Brightness Temperature and NDVI in the suburbs of this region. The 
conclusions exhibit an ability of the chosen datasets and research methods to answer these 
questions. A high level review of the major research major findings is provided. 
 
6.1.1 Spatial Variability in the Regional Surface Urban Heat Island 
An exploratory analysis was completed to answer the following question: What is the 
intensity of the SUHI effect in suburban areas, which are neither high-density urban nor low-
density rural?  
The exploratory analysis employing MODIS LAST data shows that the daytime and 
nighttime regional SUHI in NYMR varies spatially with higher LSTs corresponding to areas 
with higher population densities and lower LSTs corresponding to areas with lower population 
densities. According to the population density based categorization, the average daytime SUHI 
within the NYMR ranges from 3.2°F to 15.6°F. This finding suggests that the urban-rural 
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categorization, which maintains an average daytime SUHI of 6°F, significantly dampens the 
magnitude of the UHI problem in a given region due to ones definition of an urban area.  
While the nighttime SUHI is not as strong as the daytime SUHI, the average nighttime 
SUHI within the NYMR ranges between 1.15°F 6°F. However, the UHI temperatures differences 
between the urban-rural categorization and the population density categorization are significantly 
dampened by the definition of what’s rural versus what’s an urban area.  
This finding supports rejecting the first null hypothesis that, measured differences in 
regional SUHI effect will not depict spatial variation within the suburbs of the NYMR.  
 
6.1.2 Variations in Surface Urban Heat Island magnitude in suburban and exurban areas 
The analyses in Chapter 5 were completed to answer the following question: Does the 
intensity of the SUHI effect vary among the suburban areas of the NYMR, which maintain a 
range of moderate-densities? 
The findings from the LULC analysis suggest a significant statistical nonlinear 
relationship is found between LULC, NDVI and TBrightness on August 14, 2002 at approximately 
10:30am. The NDVI within the study area can account for approximately 62% of the variation of 
the TBrightness. Therefore, the results that NDVI is a factor in explaining the TBrightness differences 
in the suburban study area supports rejecting the 2nd null hypothesis that, the there will not be a 
significant relationship between TBrightness and NDVI and LULC.  
The findings from land use policy analysis a significant statistical linear relationship is 
found between minimum tax lot size, NDVI and TBrightness on August 14, 2002 at approximately 
10:30am. The measured NDVI within the study area can account for approximately 71% of the 
variation of the measured TBrightness. NDVI is a stronger factor in explaining the TBrightness 
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differences in the suburban study area supports rejecting the 3rd null hypothesis that, the there 
will not be a significant relationship between TBrightness, NDVI and minimum lot size.  
 
6.1.3 Land Use Policy Influences the Surface Urban Heat Island Magnitude of the 
Suburban and Exurban Areas 
The land use policy analysis was competed to answer the following question: How does 
land use policy influence the intensity of the SUHI effect in suburban areas? 
A range of 6°F temperature difference exists across the sixteen residential minimum lot 
size groupings. Moreover, as the minimum tax lot size increases the land surface temperatures 
generally become cooler, the presence of vegetation increases, but the excess thermal flux 
density increases.  The findings describe the strength of the relationship between Brightness 
Temperature and NDVI by minimum lot size grouping is much stronger than the LULC analysis, 
which indicates usage of GIS data as an important tool for supplementing remote sensing 
datasets to enhance a researchers understanding and highlights the differences between land use 
land cover and land use policy. Further, the ANOVA and Thames T results provide evidence that 
the minimum lot sizes influence the TBrightness and NDVI value differently and that the influence 
is statistically significant between land use policies. Therefore the findings of the land use policy 
analysis support rejecting the 4th null hypothesis that, minimum lot size will not significantly 
influence the difference between the measured mean TBrightness and NDVI. 
 
6.2 IMPLICATIONS  
The current local land use policy and zoning regulations influence the expansion of the 
urban heat island problem into suburban areas.  The main implication of this dissertation 
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research is that it provides evidence that local action can mitigate the UHI effect. However, if 
regions continue to expand using the current land use policy and zoning regulations, then the 
surface heat island will also continue to expand. The research also highlights land use policies 
that will mitigate existing UHI conditions at the local level.  
Local governments can leverage the available Landsat 7 ETM+ data and methods in this 
dissertation to describe how their land use policies influence the surface urban heat island present 
in their communities and quantify the excess thermal flux generated by converting the naturally 
vegetated land into residential, commercial, agricultural, recreational, and industrial landscapes. 
The Landsat dataset and methods provide evidence of the presence of the UHI effect and details 
the range of variation, which is correlated to land use policy. The findings indicate that local 
urban heat islands existing and local governments have opportunities to mitigate the UHI impact 
in their communities. The findings suggest lawn areas have a significant role in the cumulative 
excess thermal energy.   
Understanding implications of employing supplemental data for greater understanding of 
the SUH effect, commonly used land use land cover remote sensing datasets for environmental 
and or land use planning will not provide enough detail to identify alternative land use policies 
and how they influence SUHI effect and vegetation at the site specific scale. Alternatively, 
leveraging land use policy GIS data for environmental and land use planning enables researchers 
to identify site-specific planning solutions to mitigate the urban heat island effect at the locally. 
In this research, site-specific data and zoning regulations were employed to describe differences 
between different land use policy and zoning regulations and excess thermal energy produced.  
Finally, regional governments can leverage both remote sensing datasets and 
methodologies in this dissertation to describe the regional context of this multi-faceted problem 
 
Chapter 6 137 
caused by land use policy implementation. Further, the implications of employing these methods 
are that the cumulative impact of a given environmental problem, such as SUHI effect can be 
quantified and therefore, mitigated.  
The main implication of this research is that calculation of net excess thermal flux has the 
ability to provide a land use policy based metric (SUHI warming metric) to be used to describe 
cumulative impact of the SUHI effect. The need for an SUHI warming metric is critical to 
provide the science needed to link land use policy decisions to SUHI effect. Such a metric 
provides the information to mitigate the UHI effect caused by existing suburban development. 
Such metrics are helpful for planners to be cognizant of future suburban spatial development’s 
impact on the SUHI effect. 
 
6.3 LIMITATIONS 
The lack of high resolution thermal and LSC data impact a planner’s ability to describe 
the residential design of a tax lot. The residential design of a tax lot consists of the total built-up 
area, lawn area, and trees planted area per tax lot. The residential design data ideally is created 
through the land surface condition data.  The creation of this data is important, because as Stone 
and Norman (2006) analysis indicates that an increasing amount of lawn area of the tax lot is 
primary driver of excess warming. The secondary driver of excess warming by tax lot was 
increasing amount of impervious surface area. In turn, the planner lacks the ability to analyze the 
energy and environmental impacts of the development by tax lot, by zoning districts, 
municipalities, and regions. 
Another consideration is that Hayden (2003) indicates that residential design has changed 
over time; the first suburbs maintain smaller lots and buildings with permeable driveways and 
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little lawn area. Today, the residential design maintains larger lot sizes, buildings, driveways, and 
lawn areas and less trees areas. This lack of data means that planners are limited in how they 
assess land use policy changes, specifically as those changes affect the residential design of tax 
parcels. If planners are not analyzing these changes, they are not likely to be analyzing the 
impacts of those changes either.  
Lack of data and analysis means baselines cannot be established. Baselines are important, 
as today’s environmental problems are quite often multi-faceted regional problems. For instance, 
underlying increases impervious surface areas and lawn areas is expanding SUHI. These 
increases in impervious surface areas and lawn areas are also linked to increases in low-lying 
areas susceptibility to increased flooding. The increasing in impervious surface area and lawn are 
direct result of local land use policy.  
Without residential design metrics, it is more difficult to develop successful land use 
policy based countermeasures, because science may not directly link to land use policy which 
introduces potential risk and cost exposure. There are many types of countermeasures; this 
research focuses on land use policy countermeasures, which generally fall into one of three 
categorizes. Those categories are way to alter the amount of impervious surfaces, lawn areas, and 
shade trees. Policy countermeasures to reduce the amount of impervious surfaces may be to 
shorten driveway or utilize permeable surfaces for driveways and pathways. Land use policy 
countermeasures to reduce lawn areas might be implementing policies that institute maximum lot 
size requirements.  Land use policy can also increase tree canopy by incorporating street trees 
requirements and shade tree canopy requirements in municipal zoning ordinances.  
The smart growth movement drives land use policy-based countermeasures. Science 
needs to be cognizant of the scales and needs of policy makers. Municipalities are now assessing 
 
Chapter 6 139 
the environmental impacts of development per tax lot, particularly for property owners that are 
seeking to subdivide larger lots. In addition, municipalities are assessing the cost of 
environmental impacts to determine fees, which are paid by property owners to manage the 
impacts within a municipality. This is important since residential tax lots are the dominant form 
of development within this region and others within the United States.  
Since heat related deaths are common in the United States and UHI can exacerbate the 
potential for heat related deaths, land use policy should also assess growing costs of emergency 
planning and post disaster-related expenditures. These limitations prohibit the ability for 
governments to link their constituents’ level of vulnerability during in extreme weather 
conditions.  
 
6.4 FUTURE RESEARCH 
There are many interesting factors that have not been addressed in this research such as: 
atmospheric UHI; relationship to extreme heat events and to climate change; as well as known 
factors that driving UHI Intensity such as: synoptic weather, geographic location, wind, cloud 
cover; how the atmospheric UHI effect relates to SUHI.   
To successfully mitigate the current UHI effect and future expansion of the UHI effect, 
there is a need for higher-resolution thermal data and land surface conditions, specifically at 
resolutions less than 10m resolution. Thermal data with a resolution of this capacity is needed to 
minimize pixel issues and provides sufficient information to capture urban warming for small tax 
lots (2,000sq ft) within land use policy of municipalities.   LSC data with a resolution of 10m or 
less is needed to develop residential form a metrics as follows: percentage tree canopy, lawn 
areas, buildings/pavements, and water.  The metrics should also indicate albedo of the materials.  
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  Once new thermal and land surface condition data is available for the region, existing 
research methods can be employed to develop a residential form measure to better link land use 
policy to SUHI variations. This research may lead to the development of a tool that can more 
model changes in percentage tree canopy area, lawn area, and the building area, which would 
include the driveway, and other impervious material to determine the changes in SUHI 
variations. Modeling is needed to support local government’s that are reinvigorated to reshape 
their weather and climate. Moving forward, it is also critical for local and regional governments 
to benchmark their baseline and to provide a mechanism to monitor policy changes. 
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APPENDIX A: TABLE OF EMISSIVITY 
 
 
Table of Total Emissivity 
 
These tables are presented for use as a guide when making infrared 
temperature measurements with the OMEGASCOPE® or other infrared 
pyrometers. The total emissivity (ε) for Metals, Non-metals and 
Common Building Materials are given.   
 
 
Since the emissivity of a material will vary as a function of temperature 
and surface finish, the values in these tables should be used only as a  
guide for relative or delta measurements. 
The exact emissivity of a material should be determined when 

















Temp °F (°C) 
ε 
Emissivity 
Alloys   Polished 100 (38) .03 Monel, Ni-Cu Oxid. at 
1110°F 
1110 (599) .46 
20-Ni, 24-CR, 55-FE, Oxid. 392 (200) .90 Highly Polished  100 (38) .02 Nickel   
20-Ni, 24-CR, 55-FE, Oxid. 932 (500) .97 Rolled 100 (38) .64 Polished 100 (38) .05 
60-Ni , 12-CR, 28-FE, Oxid. 518 (270) .89 Rough   100 (38) .74 Oxidized   100-500 (38-260) .31-.46 
60-Ni , 12-CR, 28-FE, Oxid. 1040 (560) .82 Molten 1000 (538) .15 Unoxidized 77 (25) .05 
80-Ni, 20-CR, Oxidized 212 (100) .87 Molten 1970 (1077) .16 Unoxidized   212 (100) .06 
80-Ni, 20-CR, Oxidized 1112 (600) .87 Molten 2230 (1221) .13 Unoxidized   932 (500) .12 
80-Ni, 20-CR, Oxidized 2372 (1300) .89 Nickel Plated   100-500 (38-260) .37 Unoxidized   1832 (1000) .19 
Aluminum   Dow Metal   0.4-600 (–18-316) .15 Electrolytic 100 (38) .04 
Unoxidized 77 (25) .02 Gold   Electrolytic   500 (260) .06 
Unoxidized 212 (100) .03 Enamel 212 (100) .37 Electrolytic   1000 (538) .10 
Unoxidized 932 (500) .06 Plate (.0001)   Electrolytic   2000 (1093) .16 
Oxidized 390 (199) .11 Plate on .0005 Silver  200-750 (93-399) .11-.14 Nickel Oxide 1000-2000 (538-1093) .59-.86 
Oxidized 1110 (599) .19 Plate on .0005 Nickel 200-750 (93-399) .07-.09 Palladium Plate (.00005    
Oxidized at 599°C (1110°F) 390 (199) .11 Polished  100-500 (38-260)      .02 on .0005 silver) 200-750 (93-399) .16-.17 
Oxidized at 599°C (1110°F) 1110 (599) .19 Polished   1000-2000 (538-1093) .03 Platinum 100 (38) .05 
Heavily Oxidized 200 (93) .20 Haynes Alloy C,   Platinum 500 (260) .05 
Heavily Oxidized 940 (504) .31 Oxidized   600-2000 (316-1093) .90-.96 Platinum 1000 (538) .10 
Highly Polished 212 (100) .09 Haynes Alloy 25,   Platinum, Black 100 (38) .93 
Roughly Polished 212 (100) .18 Oxidized 600-2000 (316-1093) .86-.89 Platinum, Black 500 (260) .96 
Commercial Sheet 212 (100) .09 Haynes Alloy X,   Platinum, Black 2000 (1093) .97 
Highly Polished Plate 440 (227) .04 Oxidized   600-2000 (316-1093) .85-.88 " Oxidized at 1100°F 500 (260) .07 
Highly Polished Plate 1070 (577) .06 Inconel Sheet   1000 (538) .28 "   1000 (538) .11 
Bright Rolled Plate   338 (170) .04 Inconel Sheet 1200 (649) .42 Rhodium Flash (0.0002   
Bright Rolled Plate   932 (500) .05 Inconel Sheet   1400 (760) .58 on 0.0005 Ni)  200-700 (93-371) .10-.18 
Alloy A3003, Oxidized   600 (316) .40 Inconel X, Polished 75 (24) .19 Silver   
Alloy A3003, Oxidized 900 (482) .40 Inconel B, Polished 75 (24) .21 Plate (0.0005 on Ni)  200-700 (93-371) .06-.07 
Alloy 1100-0 200-800 (93-427) .05 Iron   Polished 100 (38) .01 
Alloy 24ST 75 (24) .09 Oxidized 212 (100) .74 Polished 500 (260) .02 
Alloy 24ST, Polished   75 (24) .09 Oxidized 930 (499) .84 Polished 1000 (538) .03 
Alloy 75ST 75 (24) .11 Oxidized 2190 (1199) .89 Polished 2000 (1093) .03 
Alloy 75ST, Polished   75 (24) .08 Unoxidized   212 (100) .05 Steel   
Bismuth, Bright 176 (80) .34 Red Rust   77 (25) .70 Cold Rolled 200 (93) .75-.85 
Bismuth, Unoxidized   77 (25) .05 Rusted 77 (25) .65 Ground Sheet 1720-2010 (938-1099) .55-.61 
Bismuth, Unoxidized   212 (100) .06 Liquid   2760-3220 (1516-
1771) 
.42-.45 Polished Sheet   100 (38) .07 
Brass   Cast Iron   Polished Sheet 500 (260) .10 
73% Cu, 27% Zn, Polished 476 (247) .03 Oxidized 390 (199) .64 Polished Sheet 1000 (538) .14 
73% Cu, 27% Zn, Polished 674 (357) .03 Oxidized 1110 (599) .78 Mild Steel, Polished 75 (24) .10 
62% Cu, 37% Zn, Polished 494 (257) .03 Unoxidized   212 (100) .21 Mild Steel, Smooth 75 (24) .12 
62% Cu, 37% Zn, Polished 710 (377) .04 Strong Oxidation   40 (104) .95 Mild Steel, Liquid 2910-3270 (1599-
1793) 
.28 
83% Cu, 17% Zn, Polished 530 (277) .03 Strong Oxidation 482 (250) .95 Steel, Unoxidized   212 (100) .08 
Matte 68 (20) .07 Liquid 2795 (1535) .29 Steel, Oxidized 77 (25) .80 
Burnished to Brown Color 68 (20) .40 Wrought Iron   Steel Alloys   
Cu-Zn, Brass Oxidized   392 (200) .61 Dull   77 (25) .94 Type 301, Polished   75 (24) .27 
Cu-Zn, Brass Oxidized 752 (400) .60 Dull 660 (349) .94 Type 301, Polished 450 (232) .57 
Cu-Zn, Brass Oxidized 1112 (600) .61 Smooth 100 (38) .35 Type 301, Polished 1740 (949) .55 
Unoxidized 77 (25) .04 Polished 100 (38) .28 Type 303, Oxidized   600-2000 (316-1093) .74-.87 
Unoxidized   212 (100) .04 Lead   Type 310, Rolled   1500-2100 (816-1149) .56-.81 
Cadmium 77 (25) .02 Polished   100-500 (38-260) .06-.08 Type 316, Polished 75 (24) .28 
Carbon   Rough 100 (38) .43 Type 316, Polished 450 (232) .57 
Lampblack   77 (25) .95 Oxidized 100 (38) .43 Type 316, Polished 1740 (949) .66 
Unoxidized 77 (25) .81 Oxidized at 1100°F 100 (38) .63 Type 321   200-800 (93-427) .27-.32 
Unoxidized 212 (100) .81 Gray Oxidized   100 (38) .28 Type 321 Polished 300-1500 (149-815) .18-.49 
Unoxidized   932 (500) .79 Magnesium   100-500 (38-260) .07-.13 Type 321 w/BK Oxide   200-800 (93-427) .66-.76 
Candle Soot 250 (121) .95 Magnesium Oxide   1880-3140 (1027-
1727) 
.16-.20 Type 347, Oxidized   600-2000 (316-1093) .87-.91 
Filament   500 (260) .95 Mercury 32 (0) .09 Type 350   200-800 (93-427) .18-.27 
Graphitized   212 (100) .76 Mercury 77 (25) .10 Type 350 Polished 300-1800 (149-982) .11-.35 
Graphitized 572 (300) .75 Mercury 100 (38) .10 Type 446, Polished 300-1500 (149-815) .15-.37 
Graphitized 932 (500) .71  212 (100) .12 Type 17-7 PH 200-600 (93-316) .44-.51 
Chromium   100 (38) .08 Molybdenum   100 (38) .06 Type 17-7 PH   
Chromium 1000 (538) .26 Molybdenum   500 (260) .08 Polished   300-1500 (149-815) .09-.16 
Chromium, Polished 302 (150) .06 Molybdenum   1000 (538) .11 Type C1020, Oxidized 600-2000 (316-1093) .87-.91 
Cobalt, Unoxidized   932 (500) .13 Molybdenum   2000 (1093) .18 Type PH-15-7 MO 300-1200 (149-649) .07-.19 
Cobalt, Unoxidized   1832 (1000) .23 “ Oxidized at 1000°F   600 (316) .80 Stellite, Polished   68 (20) .18 
Columbium, Unoxidized 1500 (816) .19 “ Oxidized at 1000°F 700 (371) .84 Tantalum, Unoxidized  1340 (727) .14 
Columbium, Unoxidized 2000 (1093) .24 " Oxidized at 1000°F   800 (427) .84 "  2000 (1093) .19 
Copper   " Oxidized at 1000°F 900 (482) .83 "  3600 (1982) .26 
Cuprous Oxide  100 (38) .87 " Oxidized at 1000°F 1000 (538) .82 "   5306 (2930) .30 
Cuprous Oxide 500 (260) .83 Monel, Ni-Cu   392 (200) .41 Tin, Unoxidized   77 (25) .04 
Cuprous Oxide 1000 (538) .77 Monel, Ni-Cu   752 (400) .44 "  212 (100) .05 
Black, Oxidized 100 (38) .78 Monel, Ni-Cu   1112 (600) .46 Tinned Iron, Bright   76 (24) .05 
Etched 100 (38) .09 Monel, Ni-Cu 
Oxidized 
68 (20) .43    212 (100) .08 
Matte   100 (38) .22       
Roughly Polished 100 (38) .07       
Do you need temperature instruments? Click here
www.monarchinstrument.com
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Temp °F (°C) 
ε 
Emmissivity 
Titanium   Tungsten   Uranium Oxide   1880 (1027) .79 




.08-.19 Unoxidized 77 (25) .02 Zinc   
" Oxidized at   Unoxidized 212 (100) .03 Bright, Galvanized   100 (38) .23 
538°C (1000°F) 200-800 (93-427) .51-.61 Unoxidized 932 (500) .07 Commercial 99.1%   500 (260) .05 
Alloy Ti-95A,    Unoxidized   1832 (1000) .15 Galvanized   100 (38) .28 
Oxid. at   Unoxidized   2732 (1500) .23 Oxidized   500-1000 (260-538) .11 
538°C (1000°F) 200-800 (93-427) .35-.48 Unoxidized 3632 (2000) .28 Polished 100 (38) .02 
Anodized onto SS   200-600 (93-316) .96-.82 Filament (Aged)  100 (38) .03 Polished 500 (260) .03 
   Filament (Aged)  1000 (538) .11 Polished 1000 (538) .04 


















Temp °F (°C) 
ε 
Emmissivity 
Adobe 68 (20) .90 Granite   70 (21) .45 Paints, Oil   
Asbestos   Gravel   100 (38) .28 All colors   200 (93) .92-.96 
Board   100 (38) .96 Ice, Smooth 32 (0) .97 Black  200 (93) .92 
Cement   32-392 (0-200) .96 Ice, Rough 32 (0) .98 Black Gloss   70 (21) .90 
Cement, Red 2500 (1371) .67 Lacquer   Camouflage Green   125 (52) .85 
Cement, White   2500 (1371) .65 Black   200 (93) .96 Flat Black   80 (27) .88 
Cloth 199 (93) .90 Blue, on Al Foil   100 (38) .78 Flat White   80 (27) .91 
Paper 100-700 (38-
371) 
.93 Clear, on Al Foil (2 
coats)  
200 (93) .08 (.09) Gray-Green   70 (21) .95 
Slate   68 (20) .97 Clear, on Bright Cu 200 (93) .66 Green   200 (93) .95 
Asphalt, pavement   100 (38) .93 Clear, on Tarnished 
Cu 
200 (93) .64 Lamp Black   209 (98) .96 
Asphalt, tar paper 68 (20) .93 Red, on Al Foil (2 
coats)  
100 (38) .61 (.74) Red 200 (93) .95 
Basalt 68 (20) .72 White 200 (93) .95 White   200 (93) .94 
Brick   White, on Al Foil (2 
coats)  
100 (38) .69 (.88) Quartz, Rough, Fused 70 (21) .93 
Red, rough 70 (21) .93 Yellow, on Al Foil (2 
coats)  
100 (38) .57 (.79) Glass, 1.98 mm   540 (282) .90 
Gault Cream 2500-5000 
(1371-2760) 
.26-.30 Lime Mortar   100-500 (38-260) .90-.92 Glass, 1.98 mm   1540 (838) .41 
Fire Clay   2500 (1371) .75 Limestone 100 (38) .95 Glass, 6.88 mm   540 (282) .93 
Light Buff   1000 (538) .80 Marble, White   100 (38) .95 Glass, 6.88 mm   1540 (838) .47 
Lime Clay   2500 (1371) .43 " Smooth, White   100 (38) .56 Opaque 570 (299) .92 
Fire Brick 1832 (1000) .75-.80 " Polished Gray   100 (38) .75 Opaque 1540 (838) .68 
Magnesite, Refractory 1832 (1000) .38 Mica 100 (38) .75 Red Lead 212 (100) .93 
Gray Brick   2012 (1100) .75 Oil on Nickel   Rubber, Hard 74 (23) .94 
Silica, Glazed   2000 (1093) .88 0.001 Film 72 (22) .27 Rubber, Soft, Gray 76 (24) .86 
Silica, Unglazed   2000 (1093) .80 0.002 "  72 (22) .46 Sand   68 (20) .76 
Sandlime   2500-5000 
(1371-2760) 
.59-.63 0.005 "   72 (22) .72 Sandstone 100 (38) .67 
Carborundum   1850 (1010) .92 Thick "   72 (22) .82 Sandstone, Red   100 (38) .60-.83 
Ceramic   Oil, Linseed   Sawdust 68 (20) .75 
Alumina on Inconel 800-2000 (427-
1093) 
.69-.45 On Al Foil, uncoated 250 (121) .09 Shale 68 (20) .69 
Earthenware, Glazed 70 (21) .90 On Al Foil, 1 coat 250 (121) .56 Silica,Glazed   1832 (1000) .85 
Earthenware, Matte   70 (21) .93 On Al Foil, 2 coats   250 (121) .51 Silica, Unglazed 2012 (1100) .75 
Greens No. 5210-2C   200-750 (93-
399) 
.89-.82 On Polished Iron, .001 
Film 
100 (38) .22 Silicon Carbide   300-1200 (149-649) .83-.96 
Coating No. C20A   200-750 (93-
399) 
.73-.67 On Polished Iron, .002 
Film 
100 (38) .45 Silk Cloth   68 (20) .78 
Porcelain 72 (22) .92 On Polished Iron, .004 
Film 
100 (38) .65 Slate   100 (38) .67-.80 
White Al2O3   200 (93) .90 On Polished Iron, 
Thick Film 
100 (38) .83 Snow, Fine Particles   20 (–7) .82 
Zirconia on Inconel   800-2000 (427-
1093) 
.62-.45 Paints   Snow, Granular 18 (–8) .89 
Clay   68 (20) .39 Blue, Cu2O3  75 (24) .94 Soil   
" Fired 158 (70) .91 Black, CuO 75 (24) .96 Surface   100 (38) .38 
" Shale   68 (20) .69 Green, Cu2O3   75 (24) .92 Black Loam 68 (20) .66 
" Tiles, Light Red    2500-5000 
(1371-2760) 
.32-.34 Red, Fe2O3 75 (24) .91 Plowed Field 68 (20) .38 
" Tiles, Red   2500-5000 
(1371-2760) 
.40-.51 White, Al2O3   75 (24) .94 Soot   
" Tiles, Dark Purple   2500-5000 
(1371-2760) 
.78 White, Y2O3   75 (24) .90 Acetylene 75 (24) .97 
Concrete   White, ZnO 75 (24) .95 Camphor 75 (24) .94 
Rough   32-2000 (0-
1093) 
.94 White, MgCO3   75 (24) .91 Candle   250 (121) .95 
Tiles, Natural 2500-5000 
(1371-2760) 
.63-.62 White, ZrO2 75 (24) .95 Coal   68 (20) .95 
" Brown   2500-5000 
(1371-2760) 
.87-.83 White, ThO2 75 (24) .90 Stonework 100 (38) .93 
" Black   2500-5000 
(1371-2760) 
.94-.91 White, MgO   
 
75 (24) .91 Water 100 (38) .67 
Cotton Cloth 68 (20) .77 White, PbCO3 75 (24) .93 Waterglass 68 (20) .96 
Dolomite Lime 68 (20) .41 Yellow, PbO 75 (24) .90 Wood  Low .80-.90 
Emery Corundum   176 (80) .86 Yellow, PbCrO4 75 (24) .93 Beech P!aned   158 (70) .94 
Glass   Paints, Aluminium   100 (38) .27-.67 Oak, Planed   100 (38) .91 
Convex D 212 (100) .80 10% Al   100 (38) .52 Spruce, Sanded 100 (38) .89 
Convex D 600 (316) .80 26% Al 100 (38) .30    
Convex D   932 (500) .76 Dow XP-310   200 (93) .22    
Nonex 212 (100) .82 Paints, Bronze  Low .34-.80    
Nonex 600 (316) .82 Gum Varnish (2 coats)  70 (21) .53    
Nonex 932 (500) .78 Gum Varnish (3 coats)  70 (21) .50    
Smooth   32-200 (0-93) .92-.94 Cellulose Binder (2 
coats)  
70 (21) .34    
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     Sq Ft Acres   
Bedminster 
Township MF 
High Density Multiple 
Family Residential   3.00 50% 
  OP 
Professional and 
General Office       
  OR Office Research       
  OR-V Office Research-Village       
  P Public       
  PRD 
Planned Residential 
Development 6,000 0.14 50% 
  PUD 
Planned Unit 
Development 6,000 0.14 50% 
  R-1 
Low Density 
Residential 0 1.00 15% 
  R-1/2 
Medium Density 
Residential 0 0.50 25% 
  R-10 Rural Residential 0 10.00 5% 
  R-2 
Low Density 
Residential 0 2.00 15% 
  R-3 Rural Residential 0 3.00 10% 
  SCH Senior Citizen Housing 0 0.00 60% 
  SFC Single Family Cluster 22,000 0.51 15% 
  SFC-RD 
Single Family Cluster-
Restricted Development 10,000 0.23 35% 
  VN Village Neighborhood 0 0.25 35% 
  VN-2 
Restricted Village 
Neighborhood 0 0.50 25% 
  VN-3 
Pottersville Village 
Neighborhood 0 0.50 25% 
  VR-100 
Medium Density 
Residential 0 0.30 25% 
  VR-80 
Medium Density 
Residential 0 0.25 25% 
        
Bernards 
Township B-1 Village Business       
  B-2 Neighborhood Business       
 
Appendix B  144 
  B-3 Historic Business       
  B-4 Liberty Corner Business       
  B-5 Village Center       
  E-1 Office - Laboratory 1       
  E-2 Office - Manufacturing       
  E-3 Office - Laboratory 2       
  E-4 Office - Laboratory 3       
  E-5 Office - Business       
  M-1 Mining       
  P-1 Public Purpose       
  P-2 Public Purpose       
  P-3 Public Purpose       
  P-4 Public Purpose       
  P-5 Public Purpose       
  PUD-5 
Planned Unit 
Development (The 
Hills) 2,000 0.05 20% 
  R-1 3 Acre 0 3.00 30% 
  R-2 2 Acre 0 2.00 30% 
  R-3 2 Acre 0 2.00 30% 
  R-4 1 Acre 0 1.00 30% 
  R-5 1 Acre 0 1.00 30% 
  R-6 3/4 Acre 0 0.75 30% 
  R-7 1/2 Acre 0 0.50 30% 
  RC-1 Cluster 60,000 1.34 30% 
  RC-2 Cluster 40,000 0.92 30% 
  RC-3 Cluster 40,000 0.92 30% 
  RC-4 Cluster 20,000 0.46 30% 
  SH-1 Senior Housing 0 0.00 30% 
  SH-2 Senior Housing 0 0.00 30% 
  SH-3 Senior Housing 0 0.00 30% 
        
Bernardsville 
Borough B-1 Business District       
  C-1 Commercial District       
  HD Highway Development       
  I Industrial District       
  I-2 Light Industrial District       
  OB Office Building District       
  R-1 Residence District 218,750 5.00 20% 
  R-1-10 Residence District 435,000 10.00 20% 
  R-10A 
Multi-
Family/Affordable 0 0.00 0% 
  R-10B Multi- 0 0.00 0% 
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Family/Affordable 
  R-1A Residence District 137,500 3.00 20% 
  R-2 Residence District 50,000 1.15 20% 
  R-3 Residence District 20,000 0.46 20% 
  R-4 Residence District 11,250 0.26 20% 
  R-5 Residence District 5,000 0.11 20% 
  R-8 
Attached Residence 
District 0 0.00 0% 
        
Bound Brook 
Borough B-1 Retail Sales       
  B/R Business/Residential       
  I-P Industry       
  NB/R 
Neighborhood 
Business/Residential       
  O-B Office-Business       
  R-1 
Single Family 
Residence District 40,000 0.92 25% 
  R-2 
Single Family 
Residence District 15,000 0.34 40% 
  R-3 
Single Family 
Residence District 6,000 0.14 50% 
  R-4 One and Two Family 5,000 0.11 60% 
  R-6 Garden Apartments 5,000 0.11 65% 
  RB-1 Regional Business       
  RB/SR 
Regional 
Business/Senior 
Residential       




Residential 130,000 2.98 15% 
  AH-1 Affordable Housing 0 0.00 0% 
  CF Community Facilities       
  I-1 Industrial (3 Acre)       
  I-2 Industrial (5 Acre)       
  LD 
Low Density/1 Acre 
Residential 43,560 1.00 0% 
  LD/C 
Low Density Cluster 
Options 24,000 0.55 0% 




Contribution Dist. 24,000 0.55 0% 
  MDR Medium-Density 43,560 1.00 0% 
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Residential 
  MH Mobile Home 3,200 0.07 0% 
  NBH North Branch Hamlet 8,000 0.18 0% 
  O Office       
  OL Office/Laboratory       
  R/S-1 Retail Service 1       
  R/S-2 Retail Service 2       
  U Public Utility       
  VB 
Village Business 
(Neshanic Station)       
  VR 
Village Residential 
(Neshanic Station) 20,000 0.46 0% 
        
Bridgewater 
Township AAR 
Active Adult Residential 
Zone       
  C-1 Neighborhood Business       
  C-1A Neighborhood Business       
  C-2 (B 
Bridgewater Regional 
Center       
  C-2 
Regional Retail 
Business       
  C-3 Office and Service       
  C-3A Limited Office       
  C-3B Professional Office       
  C-4 Office Lodging       
  C-5 
Commercial/Nursing 
Home       
  C-6 
Limited Service 
Commercial       
  GCE Golf Course Enterprise       
  GCM 
General Commercial 
and Manufacturing       
  HC Hotel Conference       
  HIC 
Highway Interchange 
Commercial       
  LC Limited Commercial       
  M-1 Limited Manufacturing       
  M-1A Manufacturing       
  M-1B 
Limited Manufacturing 
Small Lot       
  M-2 General Manufacturing       
  M-3 Quarrying       
  MPD Medical Park District       
  P Public and Institutional       
 
Appendix B  147 
  P-2 
Public/Community 
Service       
  PRCPD 
Planned Retail 
Commercial and Public 
Development       
  R-10 
Single Family 
Residential 10,000 0.23 35% 
  R-10.1 
Single Family 
Residential 10,000 0.23 35% 
  R-10A 
Single Family 
Residential 10,000 0.23 35% 
  R-10B 
Single Family 
Residential 6,000 0.14 35% 
  R-10C 
Single Family 
Residential 10,000 0.23 50% 
  R-20 
Single Family 
Residential 20,000 0.46 25% 
  R-20.1 
Single Family 
Affordable Residential 20,000 0.46 25% 
  R-40 
Single Family 
Residential 40,000 0.92 18% 
  R-40/P 
Single Family 
Residential 40,000 0.92 18% 
  R-40A 
Single Family 
Residential/Office 
Option 40,000 0.92 18% 
  R-40B 
Single Family 
Residential/Res. 
Conversion Option 40,000 0.92 18% 
  R-40C 
Single Family 
Residential/Res. 
Conversion Option 40,000 0.92 18% 
  R-40MD Multiple Dwelling Unit 40,000 0.92 18% 
  R-40MD 
Single Family and 
Multiple Dwelling 
Residential 40,000 0.92 18% 
  R-50 
Single Family 
Residential 50,000 1.15 18% 
  R-MDU- 
Multi-Family 
Residential 0 0.00 0% 
  SC-R 
Senior Citizen 
Residential 0 0.00 0% 
  SC/HD 
Senior Citizen High 
Density Residential 0 0.00 0% 
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  SC/MD 
Senior Citizen Medium 
Density Residential 0 0.00 0% 
  SED 
Special Economic 
Development       
        
Far Hills 
Borough* NO Neighborhood Office       
  R-10 
Low-Density 
Residential 0 0.00 0% 




Development Option 0 0.00 0% 
  R-3 
Intermediate 
Residential 0 0.00 0% 
  R-5 Village Residential 0 0.00 0% 
  R-6 
Moderate-Density 
Residential 0 0.00 0% 
  R-9 Suburban Residential 0 0.00 0% 
  TH-6.5 Townhouse Residential 0 0.00 0% 
  VC Village Commercial       
        
Franklin 
Township A Agricultural 0 6.00 20% 
  C-B Corporate Business       
  C-R Cluster Residential 20,000 0.46 40% 
  CMMU 
Churchill-Millstone 
Mixed Use       
  CMR 
Churchill-Millstone 
Residential 0 0.00 0% 
  CP Canal Preservation       
  G-B General Business       
  HBD 
Hamilton Street 
Business District       
  I-P Institutional/Public       
  M-1 Light Manufacturing       
  M-2 Light Manufacturing       
  M-3 
Mining and 
Manufacturing       
  MFR 
Multi-Family 
Residential 0 0.00 0% 
  N-B Neighborhood Business       
  NBR 
Neighborhood 
Business/Residential 
Underlay       
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  O-P Office-Professional       
  PAC 
Planned Adult 
Community       
  R-10 Residential 10,000 0.23 0% 
  R-10A Residential 10,000 0.23 0% 
  R-10B Residential 7,500 0.17 0% 
  R-15 Residential 15,000 0.34 0% 
  R-20 Residential 20,000 0.46 0% 
  R-40 Residential 40,000 0.92 0% 
  R-7 Residential 7,500 0.17 30% 
  R-C 
Renaissance 
Commercial       
  R-F Residential Infill       
  R-O-L 
Research-Office-
Laboratory       
  RR-3 Rural Residential 0 3.00 20% 
  RR-5 Rural Residential 0 5.00 20% 
  S-C-V Senior Citizen Village 0 0.00 0% 




District 0 0.00 0% 
  HD 
High Density Single 
Family Residential 0 0.00 0% 
  I Industrial       
  LC Local Commercial       
  LD-1 
Low Density Single 
Family Residential (1 
Acre Minimum) 0 1.00 0% 
  LD-3 
Low Density Single 
Family Residential (3 
Acre Minimum) 0 3.00 0% 
  MD 
Medium Density Single 
Family Residential 0 0.00 0% 
  MHD 
Medium-High Density 
Single Family 
Residential 0 0.00 0% 
  MP Mountain Preservation 0 0.00 0% 
  PR Public Recreation       
  RHC 
Regional Highway 
Commercial       
  SMD 
Special Mountainside 
District 0 0.00 0% 
        
Hillsborough AG Agricultural 0 10.00 8% 
 
Appendix B  150 
Township 
  AH Affordable Housing 0 0.00 0% 
  ARPDG 
Age Restricted Planned 
Development Gateway 0 0.00 0% 
  C1 
Retail 
 Commercial       
  CDZ 
Corporate Development 
Zone       
  CR Central Residential 0 0.00 0% 
  ED Economic Development       
  GA Gateway A 0 0.00 0% 
  GB Gateway B 0 0.00 0% 
  GI 
General Industrial 
Office & Research       
  HOO 
Home 
Occupation/Office 0 0.00 0% 
  I1 Light Industrial       
  I2 Light Industrial       
  I3 Light Industrial       
  M Mining       
  MVH 
Millstone Valley 
Historic Zone 0 5.00 5% 
  MZ Mountain Conservation 0 15.00 5% 
  O2 Office       
  O5 Office/Research       
  OLC 
Office Light 
Commercial       
  OS-CL 
Open Space - Cultural 
Landscape       
  PD Planned Development 6,000 0.14 0% 
  PR Professional/Retail       
  Q Quarry       
  R Residential 0 1.00 15% 
  R1 Residential 1 20,000 0.46 20% 
  R2 Residential 2 8,000 0.18 40% 
  RA Residential/Agricultural 0 2.00 10% 
  RC Retirement Community 0 0.00 0% 
  RCA 
Regional Contribution 
Area 0 0.00 0% 
  RS Rural/Suburban 0 1.50 10% 
  TC Town Commercial       




District 0 0.00 0% 
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  C Commercial/Townhouse       
  EDD 
Economic Development 
District       
  I Industrial       
  S-100 
Single Family 
Residential 10,000 0.23 35% 
  S-50 
Single Family 
Residential/Townhouse 5,000 0.11 40% 
  S-60 
Single Family 
Residential/Townhouse 6,000 0.14 40% 
  S-75 Single Family 7,500 0.17 35% 
  S-80 
Two Family 
Residential/Townhouse 8,000 0.18 40% 
        
Millstone 
Borough I Institutional       
  LI Light Industrial       
  P Park District       
  R-1 Residential 0 1.00 0% 
  R-2 Residential 0 2.00 0% 
  R-20 Residential 0 1.00 0% 
  R-8 Residential 0 1.00 0% 
  RA Rural Agricultural 0 5.00 0% 
  VC Village Commercial       




Residential 0 0.00 0% 
  ARH Age-Restricted Housing 0 0.00 0% 
  CC-1 
Community 
Commercial       
  CC-2 
Community 
Commercial       
  LM Limited Manufacturing       
  MR Mountain Residential 0 10.00 10% 
  MR/SI 
Mountain 
Residential/Special 
Industry 0 10.00 0% 
  NC 
Neighborhood 
Commercial       
  PPE 
Public, Parks, and 
Education       
  R 
Single-Family-
Residential 0 0.50 25% 
  R-1 Single-Family- 0 1.00 15% 
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Residential 
  R-2 
Single-Family-
Residential 0 2.00 15% 
  R-5 
Single-Family-
Residential 0 5.00 15% 
  REO-1 
Research, Engineering 
and Office       
  REO-2 
Research, Engineering 
and Office       
  REO-3 
Research, Engineering 
and Office       
  SB Small Business       
  VN Village Neighborhood 0 0.00 0% 
        
North 
Plainfield 
Borough B Business Zone       
  B-1 Business Zone       
  B-2 Business Zone       
  B-2a Business Zone       
  B-3 Business Zone       
  B-4 Business Zone       
  B-5 Business Zone       
  B-6 Business Zone       
  R-1 Residence Zone 7,500 0.17 20% 
  R-2 Residence Zone 6,000 0.14 30% 
  R-3 Residence Zone 6,000 0.14 30% 
  R-4 Residence Zone 6,000 0.14 30% 
  R-5 Residence Zone 6,000 0.14 30% 
  R-6 Residence Zone 10,000 0.23 0% 
  R-7 Residence Zone 25,000 0.57 0% 
  R-8 Residence Zone 0 1.00 0% 
  R-9 
Age-Restricted 
Community (ARC) 
Residence Zone 0 12.00 0% 





Industry       
  ORL 
Office Research 
Laboratory       
  R-11 
Residential 11,000 Sq 
Ft Minimum Lot Size 11,000 0.25 0% 
  R-18 Residential 18,000 Sq 18,000 0.41 0% 
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Ft Minimum Lot Size 
  RE 
Rural Estate 5 Ac 
Minimum Lot Size & 
0.1 Unit/Ac Density 0 5.00 0% 
  RR-1 
Rural Residential 1 Ac 
Minimum Lot Size 0 1.00 0% 
  RR-2 
Rural Residential 2 Ac 
Minimum Lot Size 0 2.00 0% 
  RR-3 
Rural Residential 3 Ac 
Minimum Lot Size 0 3.00 0% 
  RR-5 
Rural Residential 3 Ac 
Minimum Lot Size & 
0.2 Unit/Ac Density 0 3.00 0% 
  VN Village Neighborhood 11,000 0.25 0% 





District       
  B-1 
Central Business 
District       
  B-2 
Shopping Center 
District       
  B-3 
Highway Business 
District       
  B-4 Neighborhood Business       
  B-5 Transit Business Center       
  G-1 
Governmental Uses 
District       
  IRD-1 
Inclusionary Residential 
District 0 0.00 0% 
  OM-2 Industrial Park District       
  OM-3 
Limited Industrial 
District       
  OMR 
Light Manufacturing 
District       
  OS/P Open Space/Park       
  P-1 Office Building District       
  P-2 Office Building District       
  R-1 
Low Density 
Residential District 0 0.00 0% 
  R-2 
Medium Low Density 
Residential District 0 0.00 0% 
  R-3 
Medium Density 
Residential District 0 0.00 0% 
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  R-4 
Medium High Density 
Residential District 0 0.00 0% 
  R-5 
Townhouse/Garden 
Apartment Density 
District 0 0.00 0% 
  RR Railroad       
        
Rocky Hill 
Borough B Business       
  CL Community Land       
  I Industrial       
  R-1 
Single-Family 
Residential 0 1.00 20% 
  R-1A Planned Residential "A" 0 1.00 50% 
  R-1B Planned Residential "B" 5,000 0.11 50% 




Development 7,000 0.16 70% 
  R-2 Village Residential 12,000 0.28 50% 
  R-3 Residential Cluster 7,500 0.17 20% 
  VO Village Office       




District       
  B-2 
Central Business 
District       
  B-3 
Business Service 
District       
  B-4 
Neighborhood 
Business-Residential 
District       
  B-5 
Highway Business 
District       
  B-6 
Shopping Central 
District       
  CG 
County Government 
District       
  G 
Garden Apartment 
District 6,000 0.14 40% 
  H Hospital District       
  I-2 Industrial District       
  PO-R 
Professional Office-
Residential District 0 0.00 0% 
  R-1 Single Family 10,000 0.23 35% 
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Residence District 
  R-2 
Single Family 
Residence District 6,000 0.14 40% 
  R-3 
Single Family 
Residence District 6,000 0.14 40% 
  SC 
Senior Citizens Housing 
District 0 0.00 0% 
        
South Bound 
Brook 
Borough B Business       
  B/R Business/Residential       
  I Industrial       
  L-I Light Industrial       
  O-R Office-Residential       
  OS-1 Open Space District       
  R-1 
Single Family 
Residence 40,000 0.92 25% 
  R-2 Single family residence 15,000 0.34 40% 
  R-3 
Single and Two Family 
Residence 5,000 0.11 60% 
  R-4 Garden Apartments 5,000 0.11 65% 
  R-5 Residential District 0 0.00 0% 
        
Warren 
Township BR-40 
Business Residential (1 
Acre)       
  BR-80 
Business Residential (2 
Acre)       
  CB Community Business       
  CR-130 
3-1 1/2 Acre Cluster 
Residential 0 3.00 20% 
  ECR 
Environmentally 
Critical       
  EP-250 
6 Acre Residential 
Environmental 
Protection 0 0.00 0% 
  G-1 General Industrial       
  NB Neighborhood Business       
  OR Office Research       
  R-10 A Affordable Housing 65,340 1.50 20% 
  R-20 1/2 Acre Residential 20,000 0.50 20% 
  R-20(V 1/2 Acre Residential 20,000 0.50 20% 
  R-40 A Affordable Housing 40,000 0.92 20% 
  R-65 1 1/2 Acre Residential 65,340 1.50 20% 
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  R-RAH Affordable Housing 65,340 1.50 20% 
  RBLR 
Residential Business 
Limited Retail 0 0.00 0% 




Commercial       
  B-B Professional Office       
  B-C Highway Commercial       
  H-D Highway Development       
  L-I 
Limited 
Industrial/Quarry       
  R-A 
Single-Family 
Residential 20,000 0.46 25% 
  R-B 
Single-Family 
Residential 15,000 0.34 30% 
  R-M-L 
Multi-Family 
Affordable 0 0.00 0% 
  R-M-L Multi-Family Housing 0 0.00 0% 
  R-M-L One-Family Residential 40,000 0.92 0% 
  R-M-L 
Senior Citizen 
Affordable 0 0.00 0% 
  R-R 
Rural Single-Family 
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APPENDIX C: 8-DAY AVERAGE DAYTIME AND NIGHTTIME RURAL MODIS LST 
AND SHI 
 
MODIS 8-day Average Nighttime Rural Temperatures (°F) 
  Night of Yr Mean  Median S.D. Tmin Tmax Skewness Kurtosis 
June-2-2002 153 54.39 54.23 2.55 42.03 66.97 0.50 1.84 
June-10-2002 161 62.02 61.84 3.28 49.19 74.43 0.17 1.08 
June-18-2002 169 59.52 59.56 2.12 50.13 67.80 -0.20 0.17 
June-26-2002 177 65.33 65.21 2.79 48.69 105.89 2.79 24.19 
July-4-2002 185 62.91 63.25 2.95 53.62 76.48 -0.21 -0.11 
July-12-2002 193 61.50 61.56 2.48 52.90 70.36 -0.18 -0.18 
July-20-2002 201 64.96 65.10 3.12 50.63 76.48 -0.36 0.84 
July-28-2002 209 68.10 67.91 2.51 60.28 78.46 0.28 -0.30 
Aug-5-2002 217 61.84 61.95 2.07 54.41 72.84 -0.16 0.86 
Aug-13-2002 225 70.68 70.72 1.91 65.39 77.02 -0.01 -0.41 
Aug-21-2002 233 60.17 60.10 2.56 52.07 72.77 0.18 0.17 
Aug-29-2002 241 59.03 59.16 2.63 49.91 68.49 -0.10 -0.07 
 
MODIS 8-day Average Daytime Rural Temperatures (°F) 
  Day of Yr Mean Median SD Tmin Tmax Skewness Kurtosis 
June-2-2002 153 69.62 69.33 4.77 53.29 89.47 0.59 1.11 
June-10-2002 161 73.29 73.09 4.03 52.86 100.71 0.51 2.12 
June-18-2002 169 74.94 74.89 3.79 59.49 90.63 0.01 1.28 
June-26-2002 177 78.49 78.15 3.63 67.66 97.79 0.67 1.11 
July-4-2002 185 76.39 75.72 4.61 64.02 98.15 0.94 1.39 
July-12-2002 193 76.41 76.15 4.90 63.12 98.22 0.37 0.16 
July-20-2002 201 76.65 76.41 4.30 62.33 99.63 0.32 0.23 
July-28-2002 209 82.73 82.56 4.21 71.33 105.31 0.34 0.24 
Aug-5-2002 217 79.73 79.50 3.80 69.21 110.03 0.30 -0.13 
Aug-13-2002 225 83.14 82.63 4.59 66.43 110.03 0.46 1.15 
Aug-21-2002 233 74.60 73.96 5.02 60.24 95.09 0.56 0.40 
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MODIS 8-day Average Nighttime SHI (°F) 
 Night of Yr Mean Median SD Tmin Tmax Skewness Kurtosis 
June-2-2002 153 1.07 1.04 2.76 -13.16 16.83 0.157 0.368 
June-10-2002 161 2.05 1.49 3.90 -12.83 14.63 0.266 0.085 
June-18-2002 169 1.72 1.48 2.67 -9.40 9.86 0.162 -0.293 
June-26-2002 177 1.44 1.33 0.00 -16.63 40.57 0.773 6.969 
July-4-2002 185 2.73 2.66 3.53 -9.29 18.50 0.131 0.381 
July-12-2002 193 2.24 2.02 3.12 -8.60 12.71 0.148 -0.121 
July-20-2002 201 3.86 2.66 6.42 -17.57 29.74 0.817 0.565 
July-28-2002 209 2.56 2.16 3.52 -7.81 12.60 0.337 -0.519 
Aug-5-2002 217 1.86 1.49 2.65 -7.43 13.27 0.279 0.136 
Aug-13-2002 225 1.49 1.30 2.40 -9.25 9.54 0.404 0.14 
Aug-21-2002 233 2.65 2.41 3.44 -8.10 16.81 0.297 -0.112 
Aug-29-2002 241 1.65 1.64 3.01 -9.13 14.42 0.04 0.202 
 
MODIS 8-day Average Daytime SHI (°F) 
  Day of Yr Mean Median SD Tmin Tmax Skewness Kurtosis 
June-2-2002 153 4.62 3.40 6.46 -16.33 28.93 0.586 0.267 
June-10-2002 161 4.16 2.97 5.95 -20.43 33.17 0.784 0.689 
June-18-2002 169 4.49 3.22 6.05 -15.46 30.01 0.757 0.649 
June-26-2002 177 4.27 2.63 6.31 -10.84 29.56 0.908 0.598 
July-4-2002 185 5.28 3.62 7.10 -12.37 35.05 0.601 -0.33 
July-12-2002 193 4.89 3.71 6.88 -13.28 29.52 0.434 -0.284 
July-20-2002 201 3.26 2.16 5.80 -18.36 26.68 0.649 0.214 
July-28-2002 209 4.60 3.22 6.76 -13.66 34.11 0.905 0.903 
Aug-5-2002 217 3.19 2.21 5.48 -14.06 25.65 0.697 0.212 
Aug-13-2002 225 5.91 5.96 3.08 -9.54 18.94 0.325 0.459 
Aug-21-2002 233 5.16 3.69 7.39 -14.35 32.78 0.56 -0.218 
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APPENDIX D: DESCRIPTIVE STATISTICS FOR WEEKLY AVERAGE DAYTIME 
LST/SUHI BY MUNICIPALITY 
 
Municipality 







 Ave POP 
SQM  
Bethel Fairfield Connecticut 44 86.152 3.014  1,079  
Bridgeport Fairfield Connecticut 28 95.980 12.842  9,273  
Brookfield Fairfield Connecticut 52 84.558 1.420  775  
Danbury Fairfield Connecticut 114 87.278 4.140  1,790  
Darien Fairfield Connecticut 28 89.141 6.003  1,468  
Easton Fairfield Connecticut 73 81.098 -2.040  253  
Fairfield Fairfield Connecticut 76 84.108 0.970  1,874  
Greenwich Fairfield Connecticut 111 85.590 2.452  1,049  
Monroe Fairfield Connecticut 67 83.913 0.775  744  
New Canaan Fairfield Connecticut 59 85.295 2.157  875  
New Fairfield Fairfield Connecticut 63 81.364 -1.774  556  
Newtown Fairfield Connecticut 153 83.008 -0.130  424  
Norwalk Fairfield Connecticut 48 88.306 5.168  3,466  
Redding Fairfield Connecticut 83 82.652 -0.486  258  
Ridgefield Fairfield Connecticut 91 83.592 0.454  676  
Shelton Fairfield Connecticut 79 87.233 4.095  1,188  
Sherman Fairfield Connecticut 59 80.214 -2.924  164  
Stamford Fairfield Connecticut 94 87.306 4.168  2,652  
Stratford Fairfield Connecticut 31 92.349 9.211  2,979  
Trumbull Fairfield Connecticut 64 86.799 3.661  1,472  
Weston Fairfield Connecticut 53 82.855 -0.283  487  
Westport Fairfield Connecticut 45 85.137 1.999  1,099  
Wilton Fairfield Connecticut 71 84.045 0.907  643  
Barkhamsted Litchfield Connecticut 96 81.306 -1.832  90  
Bethlehem Litchfield Connecticut 51 80.249 -2.889  174  
Bridgewater Litchfield Connecticut 43 81.541 -1.597  106  
Canaan Litchfield Connecticut 89 82.845 -0.293  32  
Colebrook Litchfield Connecticut 82 81.437 -1.701  45  
Cornwall Litchfield Connecticut 118 81.759 -1.379  31  
Goshen Litchfield Connecticut 116 80.942 -2.196  60  
Harwinton Litchfield Connecticut 81 82.984 -0.154  183  
Kent Litchfield Connecticut 129 79.720 -3.418  58  
Litchfield Litchfield Connecticut 149 81.257 -1.881  146  
Morris Litchfield Connecticut 49 80.582 -2.556  123  
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Municipality 







 Ave POP 
SQM  
New Hartford Litchfield Connecticut 92 82.068 -1.070  160  
New Milford Litchfield Connecticut 168 81.284 -1.854  420  
Norfolk Litchfield Connecticut 121 80.761 -2.377  36  
North Canaan Litchfield Connecticut 53 84.306 1.168  169  
Plymouth Litchfield Connecticut 56 84.206 1.068  481  
Roxbury Litchfield Connecticut 69 79.870 -3.268  81  
Salisbury Litchfield Connecticut 156 82.885 -0.253  66  
Sharon Litchfield Connecticut 154 82.305 -0.833  50  
Thomaston Litchfield Connecticut 32 85.003 1.865  610  
Torrington Litchfield Connecticut 102 83.491 0.353  817  
Warren Litchfield Connecticut 69 78.674 -4.464  46  
Washington Litchfield Connecticut 99 79.999 -3.139  93  
Watertown Litchfield Connecticut 76 84.517 1.379  746  
Winchester Litchfield Connecticut 87 81.388 -1.750  323  
Woodbury Litchfield Connecticut 95 81.448 -1.690  252  
Ansonia New Haven Connecticut 16 92.514 9.376  2,846  
Beacon Falls New Haven Connecticut 24 86.467 3.329  519  
Bethany New Haven Connecticut 58 84.017 0.879  236  
Branford New Haven Connecticut 49 89.175 6.037  1,042  
Cheshire New Haven Connecticut 86 88.477 5.339  854  
East Haven New Haven Connecticut 30 92.786 9.648  2,090  
Guilford New Haven Connecticut 107 87.050 3.912  423  
Hamden New Haven Connecticut 83 89.162 6.024  1,736  
Madison New Haven Connecticut 83 86.351 3.213  445  
Meriden New Haven Connecticut 57 92.773 9.635  2,514  
Middlebury New Haven Connecticut 50 82.517 -0.621  346  
Milford New Haven Connecticut 38 88.068 4.930  1,781  
Naugatuck New Haven Connecticut 42 87.623 4.485  1,918  
New Haven New Haven Connecticut 42 94.416 11.278  6,349  
North Branford New Haven Connecticut 68 90.100 6.962  507  
North Haven New Haven Connecticut 52 94.533 11.395  1,086  
Orange New Haven Connecticut 46 88.975 5.837  764  
Oxford New Haven Connecticut 86 84.065 0.927  292  
Prospect New Haven Connecticut 39 86.495 3.357  600  
Seymour New Haven Connecticut 41 85.528 2.390  1,049  
Southbury New Haven Connecticut 103 82.302 -0.836  465  
Wallingford New Haven Connecticut 102 93.084 9.946  1,058  
Waterbury New Haven Connecticut 74 92.785 9.647  3,809  
West Haven New Haven Connecticut 17 92.475 9.337  3,855  
Wolcott New Haven Connecticut 49 86.695 3.557  739  
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Woodbridge New Haven Connecticut 48 84.359 1.221  471  
Allendale Bergen New Jersey 8 91.175 8.037  2,127  
Alpine Bergen New Jersey 12 85.658 2.520  238  
Bergenfield Bergen New Jersey 7 99.991 16.853  9,209  
Bogota Bergen New Jersey 2 103.568 20.430  10,073  
Carlstadt Bergen New Jersey 11 100.686 17.548  1,406  
Cliffside Park Bergen New Jersey 2 104.054 20.916  22,747  
Closter Bergen New Jersey 11 86.535 3.397  2,582  
Cresskill Bergen New Jersey 6 93.494 10.356  3,626  
Demarest Bergen New Jersey 6 88.418 5.280  2,338  
Dumont Bergen New Jersey 6 95.666 12.528  8,738  
East 
Rutherford Bergen New Jersey 10 102.880 19.742  2,102  
Elmwood Park Bergen New Jersey 7 105.756 22.618  6,471  
Emerson Bergen New Jersey 6 93.182 10.044  2,972  
Englewood Bergen New Jersey 13 93.309 10.171  5,195  
Englewood 
Cliffs Bergen New Jersey 3 85.598 2.460  1,575  
Fair Lawn Bergen New Jersey 12 104.456 21.318  5,883  
Fort Lee Bergen New Jersey 5 94.543 11.405  14,408  
Franklin Lakes Bergen New Jersey 26 90.638 7.500  1,061  
Garfield Bergen New Jersey 5 105.739 22.601  13,675  
Glen Rock Bergen New Jersey 7 99.163 16.025  4,209  
Hackensack Bergen New Jersey 12 104.843 21.705  9,217  
Harrington 
Park Bergen New Jersey 4 86.090 2.952  2,292  
Hasbrouck 
Heights Bergen New Jersey 2 108.032 24.894  7,952  
Haworth Bergen New Jersey 4 87.278 4.140  1,437  
Hillsdale Bergen New Jersey 9 90.038 6.900  3,509  
Ho-Ho-Kus Bergen New Jersey 3 90.830 7.692  2,321  
Leonia Bergen New Jersey 5 94.824 11.686  5,582  
Little Ferry Bergen New Jersey 4 102.776 19.638  6,389  
Lodi Bergen New Jersey 7 107.227 24.089  11,394  
Lyndhurst Bergen New Jersey 12 103.574 20.436  4,500  
Mahwah Bergen New Jersey 70 87.401 4.263  919  
Maywood Bergen New Jersey 3 103.790 20.652  8,975  
Midland Park Bergen New Jersey 5 89.964 6.826  4,429  
Montvale Bergen New Jersey 9 91.110 7.972  1,768  
Moonachie Bergen New Jersey 4 104.981 21.843  1,480  
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New Milford Bergen New Jersey 7 99.698 16.560  7,111  
North 
Arlington Bergen New Jersey 6 104.570 21.432  7,858  
Northvale Bergen New Jersey 4 90.419 7.281  2,114  
Norwood Bergen New Jersey 7 87.875 4.737  2,087  
Oakland Bergen New Jersey 22 89.984 6.846  1,348  
Old Tappan Bergen New Jersey 10 86.742 3.604  1,345  
Oradell Bergen New Jersey 7 98.099 14.961  3,155  
Palisades Park Bergen New Jersey 4 101.219 18.081  13,385  
Paramus Bergen New Jersey 26 100.548 17.410  2,561  
Park Ridge Bergen New Jersey 8 91.265 8.127  3,323  
Ramsey Bergen New Jersey 14 92.251 9.113  2,609  
Ridgefield Bergen New Jersey 7 97.096 13.958  2,754  
Ridgefield 
Park Bergen New Jersey 5 103.766 20.628  6,446  
Ridgewood Bergen New Jersey 16 92.946 9.808  4,332  
River Edge Bergen New Jersey 4 100.877 17.739  5,808  
River Vale Bergen New Jersey 11 90.207 7.069  2,086  
Rochelle Park Bergen New Jersey 4 104.342 21.204  5,288  
Rockleigh Bergen New Jersey 2 87.404 4.266  2,114  
Rutherford Bergen New Jersey 7 103.113 19.975  6,151  
Saddle Brook Bergen New Jersey 7 105.916 22.778  4,818  
Saddle River Bergen New Jersey 12 91.691 8.553  643  
South 
Hackensack Bergen New Jersey 2 97.844 14.706  1,416  
Teaneck Bergen New Jersey 14 99.811 16.673  6,177  
Tenafly Bergen New Jersey 10 91.699 8.561  3,157  
Teterboro Bergen New Jersey 3 105.938 22.800  1,352  
Upper Saddle 
River Bergen New Jersey 13 94.661 11.523  1,462  
Waldwick Bergen New Jersey 7 91.418 8.280  4,829  
Wallington Bergen New Jersey 1 105.134 21.996  10,037  
Washington Bergen New Jersey 8 91.738 8.600  3,020  
Westwood Bergen New Jersey 5 95.529 12.391  4,316  
Wood-Ridge Bergen New Jersey 1 105.998 22.860  6,544  
Woodcliff 
Lake Bergen New Jersey 9 88.574 5.436  1,624  
Wyckoff Bergen New Jersey 15 91.036 7.898  2,588  
Belleville Essex New Jersey 8 103.267 20.129  9,920  
Bloomfield Essex New Jersey 16 100.470 17.332  8,655  
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Caldwell Essex New Jersey 3 98.282 15.144  6,392  
Cedar Grove Essex New Jersey 11 99.106 15.968  2,732  
City Of Orange Essex New Jersey 4 100.346 17.208  15,100  
East Orange Essex New Jersey 9 103.206 20.068  16,486  
Essex Fells Essex New Jersey 4 96.557 13.419  1,529  
Fairfield Essex New Jersey 27 91.135 7.997  676  
Glen Ridge Essex New Jersey 2 99.644 16.506  5,695  
Irvington Essex New Jersey 9 102.830 19.692  19,891  
Livingston Essex New Jersey 36 97.285 14.147  2,029  
Maplewood Essex New Jersey 10 93.412 10.274  5,879  
Millburn Essex New Jersey 28 90.846 7.708  2,060  
Montclair Essex New Jersey 17 96.591 13.453  6,150  
Newark Essex New Jersey 53 103.939 20.801  11,199  
North Caldwell Essex New Jersey 5 102.369 19.231  2,462  
Nutley Essex New Jersey 10 101.552 18.414  7,735  
Roseland Essex New Jersey 9 96.546 13.408  1,526  
South Orange 
Village Essex New Jersey 9 91.626 8.488  6,154  
Verona Essex New Jersey 7 98.556 15.418  5,429  
West Caldwell Essex New Jersey 14 97.173 14.035  2,433  
West Orange Essex New Jersey 30 96.050 12.912  3,923  
Bayonne Hudson New Jersey 5 87.458 4.320  6,622  
Guttenberg Hudson New Jersey 1 88.610 5.472  48,145  
Harrison Hudson New Jersey 2 105.152 22.014  18,197  
Jersey Hudson New Jersey 15 96.748 13.610  21,686  
Kearny Hudson New Jersey 20 99.943 16.805  3,699  
North Bergen Hudson New Jersey 7 97.847 14.709  4,984  
Secaucus Hudson New Jersey 17 95.473 12.335  2,246  
Union Hudson New Jersey 1 100.202 17.064  37,788  
Alexandria Hunterdon New Jersey 71 92.153 9.015  204  
Bethlehem Hunterdon New Jersey 55 87.688 4.550  216  
Bloomsbury Hunterdon New Jersey 3 88.970 5.832  216  
Califon Hunterdon New Jersey 4 87.125 3.987  210  
Clinton Hunterdon New Jersey 94 89.796 6.658  441  
Delaware Hunterdon New Jersey 92 89.770 6.632  137  
East Amwell Hunterdon New Jersey 73 94.000 10.862  155  
Flemington Hunterdon New Jersey 2 87.566 4.428  3,927  
Franklin Hunterdon New Jersey 60 92.670 9.532  130  
Frenchtown Hunterdon New Jersey 2 90.770 7.632  142  
Glen Gardner Hunterdon New Jersey 3 90.110 6.972  1,113  
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Hampton Hunterdon New Jersey 4 90.338 7.200  1,113  
High Bridge Hunterdon New Jersey 7 89.767 6.629  1,551  
Holland Hunterdon New Jersey 60 90.435 7.297  213  
Kingwood Hunterdon New Jersey 92 91.788 8.650  142  
Lambertville Hunterdon New Jersey 2 90.788 7.650  3,091  
Lebanon Hunterdon New Jersey 81 88.350 5.212  235  
Milford Hunterdon New Jersey 2 90.158 7.020  204  
Raritan Hunterdon New Jersey 98 92.885 9.747  510  
Readington Hunterdon New Jersey 119 92.715 9.577  335  
Stockton Hunterdon New Jersey 1 85.946 2.808  134  
Tewksbury Hunterdon New Jersey 83 88.270 5.132  179  
Union Hunterdon New Jersey 51 90.147 7.009  299  
West Amwell Hunterdon New Jersey 57 90.325 7.187  109  
East Windsor Mercer New Jersey 42 93.107 9.969  1,517  
Ewing Mercer New Jersey 39 99.271 16.133  2,472  
Hamilton Mercer New Jersey 95 100.248 17.110  2,274  
Hightstown Mercer New Jersey 3 101.222 18.084  4,183  
Hopewell Mercer New Jersey 151 91.880 8.742  292  
Lawrence Mercer New Jersey 57 96.606 13.468  1,269  
Pennington Mercer New Jersey 3 98.234 15.096  1,942  
Princeton Mercer New Jersey 49 90.754 7.616  1,664  
Trenton Mercer New Jersey 17 100.244 17.106  10,558  
Washington Mercer New Jersey 52 93.910 10.772  502  
West Windsor Mercer New Jersey 66 94.057 10.919  828  
Carteret Middlesex New Jersey 8 106.831 23.693  4,897  
Cranbury Middlesex New Jersey 37 92.496 9.358  240  
Dunellen Middlesex New Jersey 3 95.402 12.264  6,574  
East 
Brunswick Middlesex New Jersey 58 95.456 12.318  2,172  
Edison Middlesex New Jersey 73 100.152 17.014  3,250  
Helmetta Middlesex New Jersey 3 89.906 6.768  2,033  
Highland Park Middlesex New Jersey 4 97.925 14.787  6,952  
Jamesburg Middlesex New Jersey 2 102.326 19.188  7,125  
Metuchen Middlesex New Jersey 8 98.776 15.638  4,673  
Middlesex Middlesex New Jersey 9 97.202 14.064  3,620  
Milltown Middlesex New Jersey 4 98.627 15.489  4,364  
Monroe Middlesex New Jersey 110 93.623 10.485  598  
New 
Brunswick Middlesex New Jersey 12 103.640 20.502  11,244  
North Middlesex New Jersey 33 100.838 17.700  3,030  
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Brunswick 
Old Bridge Middlesex New Jersey 97 89.655 6.517  1,475  
Perth Amboy Middlesex New Jersey 9 105.614 22.476  7,186  
Piscataway Middlesex New Jersey 49 100.861 17.723  2,486  
Plainsboro Middlesex New Jersey 30 95.821 12.683  1,614  
Sayreville Middlesex New Jersey 37 92.935 9.797  2,247  
South Amboy Middlesex New Jersey 2 90.716 7.578  2,093  
South 
Brunswick Middlesex New Jersey 105 93.824 10.686  932  
South 
Plainfield Middlesex New Jersey 22 102.190 19.052  2,670  
South River Middlesex New Jersey 8 99.113 15.975  5,145  
Spotswood Middlesex New Jersey 5 92.462 9.324  3,265  
Woodbridge Middlesex New Jersey 59 100.875 17.737  4,233  
Aberdeen Monmouth New Jersey 16 91.555 8.417  2,973  
Allentown Monmouth New Jersey 1 89.546 6.408  3,012  
Atlantic 
Highlands Monmouth New Jersey 4 85.658 2.520  1,044  
Belmar Monmouth New Jersey 1 84.974 1.836  3,256  
Brielle Monmouth New Jersey 2 88.160 5.022  2,064  
Colts Neck Monmouth New Jersey 82 92.484 9.346  381  
Eatontown Monmouth New Jersey 13 99.457 16.319  2,389  
Englishtown Monmouth New Jersey 1 88.394 5.256  3,042  
Fair Haven Monmouth New Jersey 4 90.896 7.758  3,542  
Freehold Monmouth New Jersey 111 94.282 11.144  1,003  
Hazlet Monmouth New Jersey 14 92.526 9.388  3,616  
Highlands Monmouth New Jersey 2 80.960 -2.178  3,854  
Holmdel Monmouth New Jersey 44 91.308 8.170  872  
Howell Monmouth New Jersey 160 92.536 9.398  814  
Keansburg Monmouth New Jersey 2 89.546 6.408  2,209  
Keyport Monmouth New Jersey 3 92.342 9.204  4,171  
Lake Como Monmouth New Jersey 1 87.746 4.608  6,917  
Little Silver Monmouth New Jersey 5 88.077 4.939  1,828  
Long Branch 
City Monmouth New Jersey 6 96.098 12.960  7,218  
Manalapan Middlesex New Jersey 79 92.153 9.015  1,071  
Marlboro Monmouth New Jersey 83 91.844 8.706  1,201  
Matawan Monmouth New Jersey 6 91.172 8.034  3,688  
Middletown Monmouth New Jersey 87 88.897 5.759  1,564  
Millstone Monmouth New Jersey 95 89.424 6.286  241  
 
Appendix D  166 
Municipality 







 Ave POP 
SQM  
Neptune Monmouth New Jersey 17 92.890 9.752  2,721  
Neptune City Monmouth New Jersey 1 89.690 6.552  5,743  
Ocean Monmouth New Jersey 25 95.551 12.413  2,504  
Oceanport Monmouth New Jersey 6 100.304 17.166  1,329  
Red Bank Monmouth New Jersey 5 100.029 16.891  5,669  
Roosevelt Monmouth New Jersey 6 86.048 2.910  476  
Rumson Monmouth New Jersey 8 86.243 3.105  915  
Shrewsbury Monmouth New Jersey 6 101.396 18.258  3,283  
Spring Lake 
Heights Monmouth New Jersey 1 89.798 6.660  3,890  
Tinton Falls Monmouth New Jersey 41 94.322 11.184  975  
Union Beach Monmouth New Jersey 4 86.801 3.663  2,583  
Upper 
Freehold Monmouth New Jersey 119 95.952 12.814  91  
Wall Monmouth New Jersey 73 90.495 7.357  763  
West Long 
Branch Monmouth New Jersey 8 95.621 12.483  2,643  
Boonton Morris New Jersey 30 86.658 3.520  1,172  
Butler Morris New Jersey 6 86.606 3.468  3,638  
Chatham Essex New Jersey 32 89.736 6.598  1,496  
Chester Morris New Jersey 83 84.529 1.391  306  
Denville Morris New Jersey 30 89.800 6.662  1,282  
Dover Morris New Jersey 8 94.204 11.066  6,563  
East Hanover Morris New Jersey 21 96.326 13.188  1,426  
Florham Park Morris New Jersey 19 99.336 16.198  1,448  
Hanover Morris New Jersey 28 98.496 15.358  1,185  
Harding Morris New Jersey 50 86.606 3.468  155  
Jefferson Morris New Jersey 114 82.712 -0.426  460  
Kinnelon Morris New Jersey 52 83.638 0.500  469  
Lincoln Park Morris New Jersey 18 87.158 4.020  1,617  
Long Hill Morris New Jersey 32 88.235 5.097  742  
Madison Morris New Jersey 9 95.246 12.108  3,940  
Mendham Morris New Jersey 65 86.525 3.387  444  
Mine Hill Morris New Jersey 9 91.646 8.508  1,404  
Montville Morris New Jersey 50 88.882 5.744  1,079  
Morris Morris New Jersey 43 89.120 5.982  1,364  
Morris Plains Morris New Jersey 8 92.768 9.630  2,025  
Morristown Morris New Jersey 8 92.075 8.937  6,390  
Mount 
Arlington Morris New Jersey 8 84.646 1.508  1,646  
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Mount Olive Morris New Jersey 80 83.288 0.150  785  
Mountain 
Lakes Morris New Jersey 7 87.926 4.788  1,471  
Netcong Morris New Jersey 1 89.222 6.084  2,873  
Parsippany-
Troy Hills Morris New Jersey 66 92.058 8.920  1,925  
Pequannock Morris New Jersey 17 87.299 4.161  1,947  
Randolph Morris New Jersey 52 87.160 4.022  1,183  
Riverdale Morris New Jersey 6 91.088 7.950  1,567  
Rockaway Morris New Jersey 121 86.393 3.255  644  
Roxbury Morris New Jersey 54 87.995 4.857  1,064  
Washington Hunterdon New Jersey 116 85.898 2.760  394  
Wharton Morris New Jersey 5 89.460 6.322  2,848  
Barnegat Ocean New Jersey 80 87.392 4.254  340  
Beachwood Ocean New Jersey 7 99.045 15.907  3,547  
Berkeley Ocean New Jersey 92 91.261 8.123  942  
Brick Ocean New Jersey 53 96.643 13.505  2,895  
Eagleswood Ocean New Jersey 31 85.526 2.388  76  
Jackson Ocean New Jersey 259 88.045 4.907  427  
Lacey Ocean New Jersey 198 88.285 5.147  202  
Lakehurst Ocean New Jersey 3 94.694 11.556  2,553  
Lakewood Ocean New Jersey 65 96.418 13.280  2,582  
Littleeggharbor Ocean New Jersey 88 86.404 3.266  221  
Manchester Ocean New Jersey 209 90.311 7.173  477  
Ocean Ocean New Jersey 45 87.460 4.322  201  
Pine Beach Ocean New Jersey 1 89.186 6.048  3,101  
Plumsted Ocean New Jersey 100 92.831 9.693  195  
Point Pleasant Ocean New Jersey 6 91.316 8.178  4,942  
South Toms 
River Ocean New Jersey 4 94.181 11.043  2,983  
Stafford Ocean New Jersey 106 86.911 3.773  457  
Toms River Ocean New Jersey 87 96.359 13.221  1,991  
Tuckerton Ocean New Jersey 2 87.728 4.590  932  
Bloomingdale Passaic New Jersey 25 84.352 1.214  826  
Clifton Passaic New Jersey 30 102.319 19.181  7,034  
Haledon Passaic New Jersey 1 93.902 10.764  7,111  
Hawthorne Passaic New Jersey 11 94.746 11.608  4,967  
Little Falls Passaic New Jersey 8 102.983 19.845  3,511  
North Haledon Passaic New Jersey 8 90.086 6.948  2,278  
Passaic Bergen New Jersey 8 105.787 22.649  24,314  
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Paterson Passaic New Jersey 22 104.450 21.312  16,316  
Pompton 
Lakes Passaic New Jersey 8 91.949 8.811  3,089  
Prospect Park Passaic New Jersey 1 100.706 17.568  12,000  
Ringwood Passaic New Jersey 73 83.711 0.573  436  
Totowa Passaic New Jersey 11 102.588 19.450  2,443  
Wanaque Passaic New Jersey 22 84.998 1.860  1,084  
Wayne Passaic New Jersey 66 92.258 9.120  2,174  
West Milford Passaic New Jersey 202 82.664 -0.474  332  
West Paterson Passaic New Jersey 9 103.458 20.320  3,553  
Bedminster Somerset New Jersey 67 93.608 10.470  314  
Bernards Somerset New Jersey 63 92.790 9.652  1,025  
Bernardsville Somerset New Jersey 34 88.117 4.979  567  
Bound Brook Somerset New Jersey 6 98.798 15.660  5,920  
Branchburg Somerset New Jersey 53 97.527 14.389  717  
Bridgewater Somerset New Jersey 83 97.221 14.083  1,349  
Far Hills Somerset New Jersey 12 93.305 10.167  175  
Franklin Somerset New Jersey 120 98.576 15.438  1,085  
Green Brook Somerset New Jersey 11 93.362 10.224  1,207  
Hillsborough Somerset New Jersey 140 96.487 13.349  663  
Manville Somerset New Jersey 7 102.866 19.728  3,475  
Millstone Somerset New Jersey 3 95.642 12.504  547  
Montgomery Somerset New Jersey 82 95.503 12.365  545  
North 
Plainfield Somerset New Jersey 7 92.693 9.555  7,726  
Peapack-
Gladstone Somerset New Jersey 16 91.834 8.696  404  
Raritan Somerset New Jersey 5 104.875 21.737  3,026  
Rocky Hill Somerset New Jersey 2 98.942 15.804  982  
Somerville Somerset New Jersey 7 103.843 20.705  5,439  
South Bound 
Brook Somerset New Jersey 1 99.698 16.560  5,765  
Warren Morris New Jersey 52 91.029 7.891  730  
Watchung Somerset New Jersey 15 89.642 6.504  930  
Andover Sussex New Jersey 58 85.642 2.504  303  
Branchville Sussex New Jersey 1 88.430 5.292  157  
Byram Sussex New Jersey 59 83.852 0.714  360  
Frankford Sussex New Jersey 94 85.759 2.621  174  
Franklin Sussex New Jersey 12 86.528 3.390  1,313  
Fredon Sussex New Jersey 47 85.644 2.506  159  
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Green Sussex New Jersey 42 86.574 3.436  197  
Hamburg Sussex New Jersey 2 88.772 5.634  2,672  
Hampton Sussex New Jersey 65 83.730 0.592  195  
Hardyston Sussex New Jersey 86 84.884 1.746  188  
Hopatcong Sussex New Jersey 31 83.586 0.448  1,369  
Lafayette Sussex New Jersey 45 89.856 6.718  127  
Montague Sussex New Jersey 120 80.951 -2.187  75  
Newton Sussex New Jersey 8 87.422 4.284  2,657  
Ogdensburg Sussex New Jersey 5 83.152 0.014  1,145  
Sandyston Sussex New Jersey 108 80.542 -2.596  27  
Sparta Morris New Jersey 102 84.205 1.067  462  
Stanhope Sussex New Jersey 7 88.219 5.081  1,623  
Stillwater Sussex New Jersey 80 82.365 -0.773  141  
Sussex Sussex New Jersey 1 87.926 4.788  3,456  
Vernon Orange New Jersey 185 84.044 0.906  353  
Walpack Sussex New Jersey 58 82.535 -0.603  27  
Wantage Sussex New Jersey 172 84.210 1.072  154  
Berkeley 
Heights Union New Jersey 18 91.888 8.750  2,114  
Clark Union New Jersey 11 100.434 17.296  3,272  
Cranford Union New Jersey 15 101.416 18.278  4,526  
Elizabeth Union New Jersey 22 105.409 22.271  10,800  
Fanwood Union New Jersey 4 98.996 15.858  5,363  
Garwood Union New Jersey 1 102.902 19.764  6,293  
Hillside Union New Jersey 6 104.444 21.306  9,706  
Kenilworth Union New Jersey 6 102.638 19.500  3,582  
Linden Union New Jersey 26 103.657 20.519  4,085  
Mountainside Union New Jersey 11 91.860 8.722  1,657  
New 
Providence Union New Jersey 9 91.358 8.220  2,955  
Plainfield Union New Jersey 16 97.727 14.589  8,929  
Rahway Union New Jersey 10 103.118 19.980  6,692  
Roselle Union New Jersey 8 103.451 20.313  7,599  
Roselle Park Union New Jersey 2 102.524 19.386  10,537  
Scotch Plains Union New Jersey 23 96.265 13.127  2,515  
Springfield Union New Jersey 14 97.466 14.328  2,970  
Summit Union New Jersey 14 95.411 12.273  3,647  
Union Union New Jersey 23 103.664 20.526  5,771  
Westfield Union New Jersey 16 98.427 15.289  4,236  
Allamuchy Warren New Jersey 52 83.913 0.775  187  
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Alpha Warren New Jersey 5 90.648 7.510  1,430  
Belvidere Warren New Jersey 2 91.544 8.406  2,059  
Blairstown Warren New Jersey 79 86.975 3.837  109  
Franklin Warren New Jersey 63 88.411 5.273  115  
Frelinghuysen Warren New Jersey 62 85.982 2.844  87  
Greenwich Warren New Jersey 27 91.118 7.980  414  
Hackettstown Warren New Jersey 9 86.574 3.436  2,772  
Hardwick Warren New Jersey 99 83.891 0.753  99  
Harmony Warren New Jersey 62 89.745 6.607  113  
Hope Warren New Jersey 48 89.509 6.371  136  
Independence Warren New Jersey 53 85.314 2.176  282  
Knowlton Warren New Jersey 60 87.834 4.696  136  
Liberty Warren New Jersey 32 85.933 2.795  136  
Lopatcong Warren New Jersey 19 93.480 10.342  807  
Mansfield Warren New Jersey 79 86.428 3.290  222  
Oxford Warren New Jersey 15 86.620 3.482  384  
Phillipsburg Warren New Jersey 8 96.125 12.987  4,334  
Pohatcong Warren New Jersey 32 89.480 6.342  357  
Washington Warren New Jersey 50 89.790 6.652  601  
White Warren New Jersey 68 88.573 5.435  153  
Bronx Bronx New York 59 94.394 11.256  30,935  
Amenia Dutchess New York 114 85.445 2.307  93  
Beacon Dutchess New York 10 86.486 3.348  3,023  
Beekman Dutchess New York 82 84.218 1.080  376  
Clinton Dutchess New York 100 87.795 4.657  104  
Dover Dutchess New York 146 81.494 -1.644  152  
East Fishkill Dutchess New York 148 85.498 2.360  448  
Fishkill Dutchess New York 67 84.882 1.744  573  
Hyde Park Dutchess New York 90 86.978 3.840  508  
La Grange Dutchess New York 102 88.480 5.342  372  
Milan Dutchess New York 96 88.091 4.953  126  
Northeast Dutchess New York 112 83.400 0.262  69  
Pawling Dutchess New York 115 80.877 -2.261  168  
Pine Plains Dutchess New York 79 86.003 2.865  82  
Pleasant 
Valley Dutchess New York 85 88.134 4.996  268  
Poughkeepsie Dutchess New York 86 91.087 7.949  1,900  
Red Hook Dutchess New York 87 86.343 3.205  254  
Rhinebeck Dutchess New York 93 84.683 1.545  192  
Stanford Dutchess New York 131 88.102 4.964  70  
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Union Vale Dutchess New York 97 84.759 1.621  128  
Wappinger Dutchess New York 66 86.590 3.452  905  
Washington Dutchess New York 150 87.160 4.022  80  
Kings Brooklyn New York 73 95.018 11.880  30,110  
Glen Cove Nassau New York 14 86.594 3.456  3,635  
Hempstead Nassau New York 264 96.948 13.810  6,927  
North 
Hempstead Nassau New York 132 90.919 7.781  4,130  
Oyster Bay Nassau New York 248 92.161 9.023  2,888  
New York Manhattan New York 43 90.722 7.584  69,854  
Blooming 
Grove Orange New York 94 89.206 6.068  491  
Chester Orange New York 64 91.825 8.687  479  
Cornwall Orange New York 70 89.521 6.383  410  
Crawford Orange New York 102 87.188 4.050  196  
Deerpark Orange New York 172 81.408 -1.730  116  
Goshen Orange New York 114 95.644 12.506  295  
Greenville Orange New York 79 83.958 0.820  137  
Hamptonburgh Orange New York 66 89.459 6.321  175  
Highlands Orange New York 79 85.134 1.996  276  
Middletown Orange New York 14 87.350 4.212  3,869  
Minisink Orange New York 60 87.819 4.681  137  
Monroe Orange New York 56 88.597 5.459  1,363  
Montgomery Orange New York 133 88.955 5.817  428  
Mount Hope Orange New York 65 82.511 -0.627  260  
New Windsor Orange New York 89 88.469 5.331  583  
Newburgh Orange New York 119 89.617 6.479  1,008  
Port Jervis Orange New York 7 87.767 4.629  3,116  
Tuxedo Orange New York 124 83.344 0.206  68  
Wallkill Orange New York 164 84.807 1.669  403  
Warwick Orange New Jersey 271 88.151 5.013  297  
Wawayanda Orange New York 93 88.921 5.783  179  
Woodbury Orange New York 95 86.539 3.401  285  
Carmel Putnam New York 110 83.203 0.065  804  
Kent Putnam New York 104 81.416 -1.722  330  
Patterson Putnam New York 88 81.691 -1.447  347  
Philipstown Putnam New York 122 81.895 -1.243  155  
Putnam Valley Putnam New York 113 82.385 -0.753  251  
Southeast Fairfield Connecticut 89 83.281 0.143  500  
Queens Queens New York 206 98.283 15.145  18,591  
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Richmond Staten Island New York 113 94.130 10.992  7,634  
Clarkstown Rockland New York 103 91.262 8.124  2,097  
Haverstraw Rockland New York 60 84.526 1.388  1,137  
Orangetown Bergen New Jersey 60 89.486 6.348  1,540  
Ramapo Rockland New York 159 87.294 4.156  1,694  
Stony Point Rockland New York 70 83.915 0.777  347  
Babylon Nassau New York 106 96.959 13.821  4,726  
Brookhaven Suffolk New York 621 89.558 6.420  1,735  
East Hampton Suffolk New York 132 80.828 -2.310  203  
Huntington Nassau New York 225 89.716 6.578  2,095  
Islip Suffolk New York 237 93.411 10.273  3,223  
Riverhead Suffolk New York 162 87.842 4.704  386  
Shelter Island Suffolk New York 15 80.704 -2.434  82  
Smithtown Suffolk New York 135 90.857 7.719  2,127  
Southampton Suffolk New York 290 84.721 1.583  239  
Southold Suffolk New York 80 83.140 0.002  366  
Bethel Sullivan New York 233 81.084 -2.054  49  
Callicoon Sullivan New York 128 81.490 -1.648  62  
Cochecton Sullivan New York 96 81.586 -1.552  36  
Delaware Sullivan New York 88 81.833 -1.305  76  
Fallsburg Sullivan New York 204 83.949 0.811  154  
Forestburgh Sullivan New York 147 79.239 -3.899  40  
Fremont Sullivan New York 128 79.161 -3.977  27  
Highland Sullivan New York 126 80.681 -2.457  47  
Liberty Sullivan New York 210 79.809 -3.329  118  
Lumberland Orange New York 123 79.624 -3.514  39  
Mamakating Sullivan New York 254 80.284 -2.854  114  
Neversink Sullivan New York 222 83.989 0.851  41  
Rockland Sullivan New York 246 80.093 -3.045  41  
Thompson Sullivan New York 229 81.467 -1.671  138  
Tusten Sullivan New York 127 81.370 -1.768  29  
Denning Ulster New York 271 78.592 -4.546  6  
Esopus Ulster New York 94 85.550 2.412  196  
Gardiner Ulster New York 116 86.863 3.725  117  
Hardenburgh Ulster New York 211 76.349 -6.789  6  
Hurley Ulster New York 92 82.145 -0.993  180  
Kingston Ulster New York 38 87.854 4.716  1,456  
Lloyd Ulster New York 82 87.870 4.732  293  
Marbletown Ulster New York 142 82.349 -0.789  106  
Marlborough Ulster New York 61 87.188 4.050  274  
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New Paltz Ulster New York 87 86.706 3.568  369  
Olive Ulster New York 169 79.283 -3.855  70  
Plattekill Ulster New York 91 88.025 4.887  277  
Rochester Ulster New York 230 86.011 2.873  80  
Rosendale Ulster New York 56 82.558 -0.581  308  
Saugerties Ulster New York 162 86.232 3.094  271  
Shandaken Ulster New York 310 76.085 -7.053  24  
Shawangunk Ulster New York 147 86.166 3.028  215  
Ulster Ulster New York 70 87.608 4.470  396  
Wawarsing Ulster New York 349 84.428 1.290  96  
Woodstock Ulster New York 176 81.739 -1.399  91  
Bedford Westchester New York 104 84.450 1.312  527  
Cortlandt Westchester New York 101 84.288 1.150  772  
Eastchester Westchester New York 13 91.833 8.695  4,829  
Greenburgh Westchester New York 81 85.250 2.112  2,503  
Harrison Westchester New York 47 87.958 4.820  1,430  
Lewisboro Westchester New York 74 83.947 0.809  420  
Mamaroneck Westchester New York 8 86.752 3.614  2,802  
Mount Kisco Westchester New York 7 85.648 2.510  3,695  
Mount 
Pleasant Westchester New York 78 84.312 1.174  1,169  
Mount Vernon Westchester New York 11 96.916 13.778  13,107  
New Castle Westchester New York 59 84.350 1.212  751  
New Rochelle Westchester New York 20 89.980 6.842  5,809  
North Castle Westchester New York 67 84.659 1.521  408  
North Salem Westchester New York 59 83.206 0.068  229  
Ossining Westchester New York 30 82.797 -0.341  2,111  
Peekskill Westchester New York 11 84.084 0.946  3,973  
Pelham Westchester New York 6 90.086 6.948  4,750  
Pound Ridge Westchester New York 60 83.727 0.589  201  
Rye Westchester New York 22 89.364 6.226  4,674  
Scarsdale Westchester New York 18 88.198 5.060  2,711  
Somers Westchester New York 83 84.730 1.592  569  
White Plains Westchester New York 24 89.821 6.683  5,595  
Yonkers Westchester New York 48 90.496 7.358  10,163  
Yorktown Westchester New York 102 83.998 0.860  928  
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Derby New Haven Connecticut 10 72.75 2.07  2,347  
Bethel Fairfield Connecticut 44 70.60 -0.08  1,079  
Bridgeport Fairfield Connecticut 28 74.32 3.64  9,273  
Brookfield Fairfield Connecticut 52 71.89 1.21  775  
Danbury Fairfield Connecticut 114 71.82 1.13  1,790  
Darien Fairfield Connecticut 28 72.66 1.98  1,468  
Easton Fairfield Connecticut 73 70.66 -0.02  253  
Fairfield Fairfield Connecticut 76 71.72 1.04  1,874  
Greenwich Fairfield Connecticut 111 71.89 1.21  1,049  
Monroe Fairfield Connecticut 67 70.33 -0.35  744  
New Canaan Fairfield Connecticut 59 71.91 1.23  875  
New Fairfield Fairfield Connecticut 63 71.74 1.06  556  
Newtown Fairfield Connecticut 153 70.63 -0.05  424  
Norwalk Fairfield Connecticut 48 72.84 2.16  3,466  
Redding Fairfield Connecticut 83 69.55 -1.13  258  
Ridgefield Fairfield Connecticut 91 70.98 0.30  676  
Shelton Fairfield Connecticut 79 71.17 0.48  1,188  
Sherman Fairfield Connecticut 59 70.87 0.19  164  
Stamford Fairfield Connecticut 94 72.64 1.96  2,652  
Stratford Fairfield Connecticut 31 72.96 2.28  2,979  
Trumbull Fairfield Connecticut 64 71.84 1.15  1,472  
Weston Fairfield Connecticut 53 70.62 -0.06  487  
Westport Fairfield Connecticut 45 72.31 1.63  1,099  
Wilton Fairfield Connecticut 71 70.63 -0.05  643  
Barkhamsted Litchfield Connecticut 96 69.84 -0.84  90  
Bethlehem Litchfield Connecticut 51 68.34 -2.35  174  
Bridgewater Litchfield Connecticut 43 70.03 -0.65  106  
Canaan Litchfield Connecticut 89 69.68 -1.01  32  
Colebrook Litchfield Connecticut 82 68.78 -1.90  45  
Cornwall Litchfield Connecticut 118 69.88 -0.80  31  
Goshen Litchfield Connecticut 116 68.52 -2.17  60  
Harwinton Litchfield Connecticut 81 69.80 -0.88  183  
Kent Litchfield Connecticut 129 70.43 -0.25  58  
Litchfield Litchfield Connecticut 149 69.07 -1.61  146  
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Morris Litchfield Connecticut 49 69.07 -1.61  123  
New Hartford Litchfield Connecticut 92 69.71 -0.97  160  
New Milford Litchfield Connecticut 168 70.11 -0.58  420  
Norfolk Litchfield Connecticut 121 69.74 -0.95  36  
North Canaan Litchfield Connecticut 53 69.26 -1.42  169  
Plymouth Litchfield Connecticut 56 70.21 -0.47  481  
Roxbury Litchfield Connecticut 69 68.99 -1.69  81  
Salisbury Litchfield Connecticut 156 69.63 -1.05  66  
Sharon Litchfield Connecticut 154 69.55 -1.13  50  
Thomaston Litchfield Connecticut 32 69.85 -0.84  610  
Torrington Litchfield Connecticut 102 69.75 -0.93  817  
Warren Litchfield Connecticut 69 69.86 -0.82  46  
Washington Litchfield Connecticut 99 68.82 -1.86  93  
Watertown Litchfield Connecticut 76 69.46 -1.23  746  
Winchester Litchfield Connecticut 87 69.80 -0.88  323  
Woodbury Litchfield Connecticut 95 69.30 -1.38  252  
Ansonia New Haven Connecticut 16 72.60 1.92  2,846  
Beacon Falls New Haven Connecticut 24 71.52 0.83  519  
Bethany New Haven Connecticut 58 70.92 0.24  236  
Branford New Haven Connecticut 49 71.53 0.85  1,042  
Cheshire New Haven Connecticut 86 72.03 1.35  854  
East Haven New Haven Connecticut 30 72.65 1.96  2,090  
Guilford New Haven Connecticut 107 70.96 0.28  423  
Hamden New Haven Connecticut 83 72.37 1.69  1,736  
Madison New Haven Connecticut 83 71.05 0.37  445  
Meriden New Haven Connecticut 57 73.19 2.51  2,514  
Middlebury New Haven Connecticut 50 70.33 -0.35  346  
Milford New Haven Connecticut 38 72.71 2.03  1,781  
Naugatuck New Haven Connecticut 42 71.56 0.88  1,918  
New Haven New Haven Connecticut 42 73.82 3.14  6,349  
North Branford New Haven Connecticut 68 71.36 0.68  507  
North Haven New Haven Connecticut 52 72.40 1.72  1,086  
Orange New Haven Connecticut 46 71.38 0.70  764  
Oxford New Haven Connecticut 86 70.12 -0.56  292  
Prospect New Haven Connecticut 39 71.49 0.81  600  
Seymour New Haven Connecticut 41 71.87 1.19  1,049  
Southbury New Haven Connecticut 103 70.16 -0.53  465  
Wallingford New Haven Connecticut 102 71.75 1.07  1,058  
Waterbury New Haven Connecticut 74 72.38 1.70  3,809  
West Haven New Haven Connecticut 17 72.11 1.43  3,855  
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Wolcott New Haven Connecticut 49 71.42 0.74  739  
Woodbridge New Haven Connecticut 48 70.88 0.20  471  
Allendale Bergen New Jersey 8 74.28 3.60  2,127  
Alpine Bergen New Jersey 12 74.24 3.56  238  
Bergenfield Bergen New Jersey 7 77.24 6.56  9,209  
Bogota Bergen New Jersey 2 78.93 8.24  10,073  
Carlstadt Bergen New Jersey 12 77.11 6.43  1,405  
Cliffside Park Bergen New Jersey 2 77.70 7.02  22,747  
Closter Bergen New Jersey 11 75.84 5.15  2,582  
Cresskill Bergen New Jersey 6 75.89 5.21  3,626  
Demarest Bergen New Jersey 6 73.88 3.20  2,338  
Dumont Bergen New Jersey 6 77.12 6.44  8,738  
East 
Rutherford Bergen New Jersey 10 77.95 7.27  2,102  
Elmwood Park Bergen New Jersey 7 79.58 8.90  6,471  
Emerson Bergen New Jersey 6 76.83 6.14  2,972  
Englewood Bergen New Jersey 13 76.45 5.77  5,195  
Englewood 
Cliffs Bergen New Jersey 3 74.71 4.03  1,575  
Fair Lawn Bergen New Jersey 12 78.36 7.68  5,883  
Fairview Bergen New Jersey 1 77.99 7.31  10,101  
Fort Lee Bergen New Jersey 5 75.97 5.28  14,408  
Franklin Lakes Bergen New Jersey 26 75.44 4.76  1,061  
Garfield Bergen New Jersey 5 78.87 8.19  13,675  
Glen Rock Bergen New Jersey 7 76.69 6.01  4,209  
Hackensack Bergen New Jersey 13 78.87 8.19  9,269  
Harrington 
Park Bergen New Jersey 4 75.06 4.37  2,292  
Hasbrouck 
Heights Bergen New Jersey 3 78.96 8.28  8,369  
Haworth Bergen New Jersey 4 77.29 6.61  1,437  
Hillsdale Bergen New Jersey 9 75.91 5.22  3,509  
Ho-Ho-Kus Bergen New Jersey 3 75.01 4.33  2,321  
Leonia Bergen New Jersey 5 76.59 5.90  5,582  
Little Ferry Bergen New Jersey 4 77.46 6.78  6,389  
Lodi Bergen New Jersey 7 78.78 8.09  11,394  
Lyndhurst Bergen New Jersey 12 78.32 7.64  4,500  
Mahwah Bergen New Jersey 70 74.03 3.35  919  
Maywood Bergen New Jersey 3 79.06 8.38  8,975  
Midland Park Bergen New Jersey 5 75.68 5.00  4,429  
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Montvale Bergen New Jersey 9 73.93 3.24  1,768  
Moonachie Bergen New Jersey 4 77.95 7.26  1,480  
New Milford Bergen New Jersey 7 77.57 6.89  7,111  
North 
Arlington Bergen New Jersey 6 78.69 8.01  7,858  
Northvale Bergen New Jersey 4 73.53 2.84  2,114  
Norwood Bergen New Jersey 7 74.13 3.45  2,087  
Oakland Bergen New Jersey 22 75.02 4.34  1,348  
Old Tappan Bergen New Jersey 10 75.43 4.74  1,345  
Oradell Bergen New Jersey 7 77.16 6.48  3,155  
Palisades Park Bergen New Jersey 4 77.29 6.61  13,385  
Paramus Bergen New Jersey 26 77.57 6.89  2,561  
Park Ridge Bergen New Jersey 8 74.44 3.76  3,323  
Ramsey Bergen New Jersey 14 74.33 3.65  2,609  
Ridgefield Bergen New Jersey 7 77.42 6.74  2,754  
Ridgefield 
Park Bergen New Jersey 5 78.64 7.96  6,446  
Ridgewood Bergen New Jersey 16 75.79 5.10  4,332  
River Edge Bergen New Jersey 4 78.22 7.54  5,808  
River Vale Bergen New Jersey 11 74.83 4.14  2,086  
Rochelle Park Bergen New Jersey 4 79.10 8.42  5,288  
Rockleigh Bergen New Jersey 2 73.09 2.41  2,114  
Rutherford Bergen New Jersey 7 78.49 7.81  6,151  
Saddle Brook Bergen New Jersey 7 79.34 8.66  4,818  
Saddle River Bergen New Jersey 12 73.79 3.11  643  
South 
Hackensack Bergen New Jersey 3 77.98 7.30  3,125  
Teaneck Bergen New Jersey 14 77.88 7.20  6,177  
Tenafly Bergen New Jersey 10 75.65 4.97  3,157  
Teterboro Bergen New Jersey 3 78.78 8.10  1,352  
Upper Saddle 
River Bergen New Jersey 13 73.56 2.87  1,462  
Waldwick Bergen New Jersey 7 74.90 4.22  4,829  
Wallington Bergen New Jersey 2 79.16 8.48  10,196  
Washington Bergen New Jersey 8 76.32 5.64  3,020  
Westwood Bergen New Jersey 5 76.36 5.68  4,316  
Wood-Ridge Bergen New Jersey 1 78.75 8.06  6,544  
Woodcliff 
Lake Bergen New Jersey 9 74.89 4.20  1,624  
Wyckoff Bergen New Jersey 15 75.63 4.94  2,588  
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Belleville Essex New Jersey 8 78.46 7.78  9,920  
Bloomfield Essex New Jersey 16 77.97 7.28  8,655  
Caldwell Essex New Jersey 3 77.41 6.73  6,392  
Cedar Grove Essex New Jersey 11 77.61 6.93  2,732  
City Of Orange Essex New Jersey 4 77.86 7.17  15,100  
East Orange Essex New Jersey 9 78.47 7.79  16,486  
Essex Fells Essex New Jersey 4 77.60 6.92  1,529  
Fairfield Essex New Jersey 28 75.48 4.80  676  
Glen Ridge Essex New Jersey 2 77.92 7.24  5,695  
Irvington Essex New Jersey 9 78.61 7.92  19,891  
Livingston Essex New Jersey 36 76.56 5.87  2,029  
Maplewood Essex New Jersey 10 77.55 6.87  5,879  
Millburn Essex New Jersey 28 76.74 6.06  2,060  
Montclair Essex New Jersey 17 77.52 6.84  6,150  
Newark Essex New Jersey 58 78.98 8.30  11,530  
North Caldwell Essex New Jersey 6 76.73 6.05  2,462  
Nutley Essex New Jersey 10 78.29 7.61  7,735  
Roseland Essex New Jersey 9 77.13 6.44  1,526  
South Orange 
Village Essex New Jersey 9 77.35 6.67  6,154  
Verona Essex New Jersey 7 77.18 6.50  5,429  
West Caldwell Essex New Jersey 14 75.82 5.14  2,433  
West Orange Essex New Jersey 30 76.78 6.10  3,923  
Bayonne Hudson New Jersey 5 76.01 5.33  6,622  
Guttenberg Hudson New Jersey 1 74.17 3.49  48,145  
Harrison Hudson New Jersey 4 79.52 8.84  11,488  
Jersey Hudson New Jersey 18 76.35 5.67  22,984  
Kearny Hudson New Jersey 21 77.91 7.23  3,566  
North Bergen Hudson New Jersey 12 75.89 5.21  9,180  
Secaucus Hudson New Jersey 17 77.14 6.46  2,246  
Union Hudson New Jersey 3 75.73 5.05  41,218  
West New 
York Hudson New Jersey 2 74.16 3.47  55,107  
Alexandria Hunterdon New Jersey 71 72.15 1.46  204  
Bethlehem Hunterdon New Jersey 55 73.15 2.46  216  
Bloomsbury Hunterdon New Jersey 3 72.95 2.27  216  
Califon Hunterdon New Jersey 4 72.67 1.99  210  
Clinton Hunterdon New Jersey 94 72.87 2.19  441  
Delaware Hunterdon New Jersey 92 71.18 0.49  137  
East Amwell Hunterdon New Jersey 73 72.77 2.09  155  
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Flemington Hunterdon New Jersey 2 74.50 3.82  3,927  
Franklin Hunterdon New Jersey 60 71.70 1.02  130  
Frenchtown Hunterdon New Jersey 2 73.65 2.97  142  
Glen Gardner Hunterdon New Jersey 3 71.65 0.97  1,113  
Hampton Hunterdon New Jersey 4 70.14 -0.54  1,113  
High Bridge Hunterdon New Jersey 7 73.55 2.86  1,551  
Holland Hunterdon New Jersey 60 72.62 1.94  213  
Kingwood Hunterdon New Jersey 92 72.84 2.16  142  
Lambertville Hunterdon New Jersey 2 72.34 1.66  3,091  
Lebanon Hunterdon New Jersey 81 72.59 1.91  235  
Milford Hunterdon New Jersey 2 74.21 3.53  204  
Raritan Hunterdon New Jersey 100 72.05 1.36  508  
Readington Hunterdon New Jersey 119 72.72 2.03  335  
Stockton Hunterdon New Jersey 1 70.97 0.29  134  
Tewksbury Hunterdon New Jersey 83 72.74 2.06  179  
Union Hunterdon New Jersey 51 73.59 2.91  299  
West Amwell Hunterdon New Jersey 57 72.36 1.68  109  
East Windsor Mercer New Jersey 42 73.31 2.62  1,517  
Ewing Mercer New Jersey 39 75.80 5.12  2,472  
Hamilton Mercer New Jersey 95 75.58 4.90  2,274  
Hightstown Mercer New Jersey 3 74.67 3.98  4,183  
Hopewell Mercer New Jersey 151 72.78 2.10  292  
Lawrence Mercer New Jersey 57 74.70 4.01  1,269  
Pennington Mercer New Jersey 3 72.84 2.16  1,942  
Princeton Mercer New Jersey 49 75.39 4.71  1,664  
Trenton Mercer New Jersey 17 77.99 7.31  10,558  
Washington Mercer New Jersey 52 72.99 2.31  502  
West Windsor Mercer New Jersey 66 74.01 3.33  828  
Carteret Middlesex New Jersey 8 77.47 6.79  4,897  
Cranbury Middlesex New Jersey 37 73.41 2.73  240  
Dunellen Middlesex New Jersey 3 77.33 6.65  6,574  
East 
Brunswick Middlesex New Jersey 58 75.85 5.17  2,172  
Edison Middlesex New Jersey 73 76.98 6.30  3,250  
Helmetta Middlesex New Jersey 3 74.03 3.35  2,033  
Highland Park Middlesex New Jersey 4 78.66 7.97  6,952  
Jamesburg Middlesex New Jersey 2 74.39 3.71  7,125  
Metuchen Middlesex New Jersey 8 77.29 6.61  4,673  
Middlesex Middlesex New Jersey 9 77.21 6.53  3,620  
Milltown Middlesex New Jersey 4 77.19 6.51  4,364  
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Monroe Middlesex New Jersey 110 73.42 2.74  598  
New 
Brunswick Middlesex New Jersey 13 77.99 7.31  10,579  
North 
Brunswick Middlesex New Jersey 33 76.50 5.81  3,030  
Old Bridge Middlesex New Jersey 97 75.04 4.35  1,475  
Perth Amboy Middlesex New Jersey 9 77.01 6.33  7,186  
Piscataway Middlesex New Jersey 49 77.35 6.67  2,486  
Plainsboro Middlesex New Jersey 30 74.35 3.67  1,614  
Sayreville Middlesex New Jersey 37 75.96 5.28  2,247  
South Amboy Middlesex New Jersey 2 75.52 4.84  2,093  
South 
Brunswick Middlesex New Jersey 107 74.46 3.77  918  
South 
Plainfield Middlesex New Jersey 22 77.35 6.66  2,670  
South River Middlesex New Jersey 8 77.08 6.40  5,145  
Spotswood Middlesex New Jersey 5 75.46 4.77  3,265  
Woodbridge Middlesex New Jersey 60 77.14 6.46  4,207  
Aberdeen Monmouth New Jersey 16 76.06 5.38  2,973  
Allentown Monmouth New Jersey 1 72.81 2.12  3,012  
Atlantic 
Highlands Monmouth New Jersey 4 75.11 4.43  1,044  
Belmar Monmouth New Jersey 1 72.23 1.55  3,256  
Brielle Monmouth New Jersey 2 73.47 2.79  2,064  
Colts Neck Monmouth New Jersey 82 72.84 2.16  381  
Eatontown Monmouth New Jersey 13 74.83 4.15  2,389  
Englishtown Monmouth New Jersey 1 73.27 2.59  3,042  
Fair Haven Monmouth New Jersey 4 74.80 4.11  3,542  
Freehold Monmouth New Jersey 111 72.57 1.89  1,003  
Hazlet Monmouth New Jersey 14 76.63 5.95  3,616  
Highlands Monmouth New Jersey 2 72.36 1.67  3,854  
Holmdel Monmouth New Jersey 44 74.23 3.54  872  
Howell Monmouth New Jersey 160 72.94 2.26  814  
Keansburg Monmouth New Jersey 2 75.63 4.95  2,209  
Keyport Monmouth New Jersey 3 76.12 5.44  4,171  
Lake Como Monmouth New Jersey 1 72.73 2.05  6,917  
Little Silver Monmouth New Jersey 5 75.07 4.38  1,828  
Long Branch 
City Monmouth New Jersey 6 73.72 3.04  7,218  
Manalapan Middlesex New Jersey 79 73.47 2.79  1,071  
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Marlboro Monmouth New Jersey 83 74.17 3.48  1,201  
Matawan Monmouth New Jersey 6 76.26 5.58  3,688  
Middletown Monmouth New Jersey 87 74.72 4.04  1,564  
Millstone Monmouth New Jersey 95 72.31 1.62  241  
Neptune Monmouth New Jersey 17 73.64 2.96  2,721  
Neptune City Monmouth New Jersey 1 73.31 2.63  5,743  
Ocean Monmouth New Jersey 25 73.91 3.23  2,504  
Oceanport Monmouth New Jersey 6 75.15 4.46  1,329  
Red Bank Monmouth New Jersey 5 75.70 5.02  5,669  
Roosevelt Monmouth New Jersey 6 72.08 1.40  476  
Rumson Monmouth New Jersey 8 73.56 2.88  915  
Shrewsbury Monmouth New Jersey 6 74.88 4.20  3,283  
Spring Lake 
Heights Monmouth New Jersey 1 73.42 2.74  3,890  
Tinton Falls Monmouth New Jersey 41 73.67 2.98  975  
Union Beach Monmouth New Jersey 4 76.02 5.34  2,583  
Upper 
Freehold Monmouth New Jersey 119 71.73 1.04  91  
Wall Monmouth New Jersey 73 73.30 2.62  763  
West Long 
Branch Monmouth New Jersey 8 74.13 3.45  2,643  
Boonton Morris New Jersey 30 74.45 3.76  1,172  
Butler Morris New Jersey 6 75.16 4.48  3,638  
Chatham Essex New Jersey 32 74.85 4.17  1,496  
Chester Morris New Jersey 83 72.98 2.30  306  
Denville Morris New Jersey 30 75.50 4.82  1,282  
Dover Morris New Jersey 8 74.50 3.82  6,563  
East Hanover Morris New Jersey 21 75.54 4.86  1,426  
Florham Park Morris New Jersey 19 76.61 5.93  1,448  
Hanover Morris New Jersey 28 76.87 6.19  1,185  
Harding Morris New Jersey 50 73.78 3.10  155  
Jefferson Morris New Jersey 114 72.85 2.17  460  
Kinnelon Morris New Jersey 52 73.94 3.26  469  
Lincoln Park Morris New Jersey 18 75.15 4.46  1,617  
Long Hill Morris New Jersey 32 74.38 3.70  742  
Madison Morris New Jersey 9 75.82 5.14  3,940  
Mendham Morris New Jersey 65 73.75 3.07  444  
Mine Hill Morris New Jersey 9 73.93 3.24  1,404  
Montville Morris New Jersey 50 75.50 4.82  1,079  
Morris Morris New Jersey 43 75.24 4.56  1,364  
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Morris Plains Morris New Jersey 8 76.59 5.90  2,025  
Morristown Morris New Jersey 8 76.44 5.76  6,390  
Mount 
Arlington Morris New Jersey 8 74.75 4.06  1,646  
Mount Olive Morris New Jersey 80 72.60 1.91  785  
Mountain 
Lakes Morris New Jersey 7 76.94 6.26  1,471  
Netcong Morris New Jersey 1 73.96 3.28  2,873  
Parsippany-
Troy Hills Morris New Jersey 66 76.63 5.95  1,925  
Pequannock Morris New Jersey 17 75.97 5.29  1,947  
Randolph Morris New Jersey 52 74.01 3.33  1,183  
Riverdale Morris New Jersey 6 75.72 5.04  1,567  
Rockaway Morris New Jersey 121 73.72 3.04  644  
Roxbury Morris New Jersey 54 73.51 2.83  1,064  
Washington Hunterdon New Jersey 116 71.42 0.74  394  
Wharton Morris New Jersey 5 73.64 2.96  2,848  
Barnegat Ocean New Jersey 80 71.22 0.54  340  
Beachwood Ocean New Jersey 7 72.46 1.78  3,547  
Berkeley Ocean New Jersey 92 71.85 1.16  942  
Brick Ocean New Jersey 53 74.56 3.88  2,895  
Eagleswood Ocean New Jersey 31 71.87 1.18  76  
Jackson Ocean New Jersey 259 71.97 1.29  427  
Lacey Ocean New Jersey 198 71.25 0.57  202  
Lakehurst Ocean New Jersey 3 72.88 2.20  2,553  
Lakewood Ocean New Jersey 65 73.77 3.09  2,582  
Littleeggharbor Ocean New Jersey 88 71.55 0.87  221  
Manchester Ocean New Jersey 209 72.02 1.33  477  
Ocean Ocean New Jersey 46 72.04 1.36  202  
Pine Beach Ocean New Jersey 1 73.85 3.17  3,101  
Plumsted Ocean New Jersey 100 71.35 0.67  195  
Point Pleasant Ocean New Jersey 6 74.30 3.62  4,942  
South Toms 
River Ocean New Jersey 4 73.64 2.96  2,983  
Stafford Ocean New Jersey 106 71.53 0.85  457  
Toms River Ocean New Jersey 87 73.75 3.07  1,991  
Tuckerton Ocean New Jersey 2 72.36 1.67  932  
Bloomingdale Passaic New Jersey 25 74.56 3.88  826  
Clifton Passaic New Jersey 30 78.07 7.39  7,034  
Haledon Passaic New Jersey 1 77.02 6.34  7,111  
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 Ave POP 
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Hawthorne Passaic New Jersey 11 76.93 6.24  4,967  
Little Falls Passaic New Jersey 8 77.83 7.15  3,511  
North Haledon Passaic New Jersey 8 76.54 5.85  2,278  
Passaic Bergen New Jersey 9 78.80 8.12  23,337  
Paterson Passaic New Jersey 24 78.92 8.24  16,245  
Pompton Lakes Passaic New Jersey 8 75.75 5.07  3,089  
Prospect Park Passaic New Jersey 1 77.59 6.91  12,000  
Ringwood Passaic New Jersey 73 73.03 2.35  436  
Totowa Passaic New Jersey 11 76.66 5.98  2,443  
Wanaque Passaic New Jersey 22 74.91 4.22  1,084  
Wayne Passaic New Jersey 66 76.22 5.53  2,174  
West Milford Passaic New Jersey 202 72.32 1.64  332  
West Paterson Passaic New Jersey 9 77.87 7.19  3,553  
Bedminster Somerset New Jersey 67 72.62 1.94  314  
Bernards Somerset New Jersey 63 75.07 4.39  1,025  
Bernardsville Somerset New Jersey 34 74.87 4.19  567  
Bound Brook Somerset New Jersey 6 77.36 6.68  5,920  
Branchburg Somerset New Jersey 53 73.18 2.50  717  
Bridgewater Somerset New Jersey 83 75.88 5.20  1,349  
Far Hills Somerset New Jersey 12 73.95 3.27  175  
Franklin Somerset New Jersey 120 75.43 4.75  1,085  
Green Brook Somerset New Jersey 11 76.68 6.00  1,207  
Hillsborough Somerset New Jersey 140 74.35 3.67  663  
Manville Somerset New Jersey 7 75.96 5.28  3,475  
Millstone Somerset New Jersey 3 74.16 3.48  547  
Montgomery Somerset New Jersey 82 74.37 3.69  545  
North 
Plainfield Somerset New Jersey 7 77.46 6.77  7,726  
Peapack-
Gladstone Somerset New Jersey 16 73.42 2.74  404  
Raritan Somerset New Jersey 5 75.85 5.17  3,026  
Rocky Hill Somerset New Jersey 2 75.72 5.04  982  
Somerville Somerset New Jersey 7 76.80 6.12  5,439  
South Bound 
Brook Somerset New Jersey 1 77.88 7.20  5,765  
Warren Morris New Jersey 52 75.74 5.05  730  
Watchung Somerset New Jersey 15 77.20 6.51  930  
Andover Sussex New Jersey 58 71.89 1.21  303  
Branchville Sussex New Jersey 1 71.01 0.32  157  
Byram Sussex New Jersey 59 73.05 2.37  360  
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Frankford Sussex New Jersey 94 71.30 0.62  174  
Franklin Sussex New Jersey 12 71.94 1.25  1,313  
Fredon Sussex New Jersey 47 71.56 0.88  159  
Green Sussex New Jersey 42 71.29 0.61  197  
Hamburg Sussex New Jersey 2 72.41 1.73  2,672  
Hampton Sussex New Jersey 65 71.67 0.99  195  
Hardyston Sussex New Jersey 86 72.54 1.86  188  
Hopatcong Sussex New Jersey 31 73.72 3.04  1,369  
Lafayette Sussex New Jersey 45 71.20 0.52  127  
Montague Sussex New Jersey 120 71.95 1.27  75  
Newton Sussex New Jersey 8 72.31 1.62  2,657  
Ogdensburg Sussex New Jersey 5 73.12 2.43  1,145  
Sandyston Sussex New Jersey 108 71.35 0.67  27  
Sparta Morris New Jersey 102 73.08 2.40  462  
Stanhope Sussex New Jersey 7 73.75 3.07  1,623  
Stillwater Sussex New Jersey 80 72.34 1.65  141  
Sussex Sussex New Jersey 1 72.37 1.69  3,456  
Vernon Orange New Jersey 185 73.08 2.40  353  
Walpack Sussex New Jersey 58 72.52 1.84  27  
Wantage Sussex New Jersey 172 71.77 1.09  154  
Berkeley 
Heights Union New Jersey 18 76.62 5.94  2,114  
Clark Union New Jersey 11 77.38 6.70  3,272  
Cranford Union New Jersey 15 77.57 6.88  4,526  
Elizabeth Union New Jersey 31 78.30 7.62  10,763  
Fanwood Union New Jersey 4 77.75 7.07  5,363  
Garwood Union New Jersey 1 77.85 7.16  6,293  
Hillside Union New Jersey 6 78.51 7.82  9,706  
Kenilworth Union New Jersey 6 77.47 6.79  3,582  
Linden Union New Jersey 26 78.32 7.64  4,085  
Mountainside Union New Jersey 11 77.52 6.83  1,657  
New 
Providence Union New Jersey 9 76.74 6.06  2,955  
Plainfield Union New Jersey 16 77.85 7.17  8,929  
Rahway Union New Jersey 10 78.03 7.35  6,692  
Roselle Union New Jersey 8 78.82 8.14  7,599  
Roselle Park Union New Jersey 2 78.12 7.43  10,537  
Scotch Plains Union New Jersey 23 77.41 6.72  2,515  
Springfield Union New Jersey 14 77.47 6.78  2,970  
Summit Union New Jersey 14 77.29 6.61  3,647  
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Union Union New Jersey 24 78.01 7.33  5,642  
Westfield Union New Jersey 16 77.70 7.02  4,236  
Allamuchy Warren New Jersey 52 72.08 1.40  187  
Alpha Warren New Jersey 5 73.08 2.40  1,430  
Belvidere Warren New Jersey 2 73.24 2.56  2,059  
Blairstown Warren New Jersey 79 72.52 1.84  109  
Franklin Warren New Jersey 63 72.12 1.43  115  
Frelinghuysen Warren New Jersey 62 71.66 0.97  87  
Greenwich Warren New Jersey 27 71.33 0.65  414  
Hackettstown Warren New Jersey 9 71.14 0.46  2,772  
Hardwick Warren New Jersey 99 73.12 2.44  99  
Harmony Warren New Jersey 62 73.15 2.47  113  
Hope Warren New Jersey 48 71.62 0.94  136  
Independence Warren New Jersey 53 71.36 0.68  282  
Knowlton Warren New Jersey 60 73.35 2.66  136  
Liberty Warren New Jersey 32 73.04 2.36  136  
Lopatcong Warren New Jersey 19 73.46 2.77  807  
Mansfield Warren New Jersey 79 71.59 0.90  222  
Oxford Warren New Jersey 15 72.64 1.95  384  
Phillipsburg Warren New Jersey 8 75.58 4.90  4,334  
Pohatcong Warren New Jersey 32 73.41 2.73  357  
Washington Warren New Jersey 50 72.19 1.51  601  
White Warren New Jersey 68 73.18 2.50  153  
Bronx Bronx New York 81 77.27 6.59  33,127  
Amenia Dutchess New York 114 69.76 -0.92  93  
Beacon Dutchess New York 10 75.92 5.24  3,023  
Beekman Dutchess New York 82 71.53 0.85  376  
Clinton Dutchess New York 100 71.44 0.76  104  
Dover Dutchess New York 146 70.01 -0.67  152  
East Fishkill Dutchess New York 148 72.41 1.73  448  
Fishkill Dutchess New York 67 74.36 3.68  573  
Hyde Park Dutchess New York 90 72.23 1.54  508  
La Grange Dutchess New York 102 71.87 1.19  372  
Milan Dutchess New York 96 72.81 2.13  126  
Northeast Dutchess New York 112 69.66 -1.02  69  
Pawling Dutchess New York 115 70.41 -0.27  168  
Pine Plains Dutchess New York 79 71.11 0.43  82  
Pleasant Valley Dutchess New York 85 71.06 0.38  268  
Poughkeepsie Dutchess New York 86 74.26 3.58  1,900  
Red Hook Dutchess New York 87 73.25 2.57  254  
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Rhinebeck Dutchess New York 93 73.29 2.61  192  
Stanford Dutchess New York 131 71.21 0.53  70  
Union Vale Dutchess New York 97 70.57 -0.12  128  
Wappinger Dutchess New York 66 73.09 2.41  905  
Washington Dutchess New York 150 70.39 -0.29  80  
Kings Brooklyn New York 161 76.26 5.57  36,658  
Glen Cove Nassau New York 16 74.66 3.98  3,360  
Hempstead Nassau New York 264 74.28 3.59  6,927  
North 
Hempstead Nassau New York 132 74.64 3.96  4,130  
Oyster Bay Nassau New York 249 73.54 2.85  2,907  
New York Manhattan New York 48 78.49 7.81  68,826  
Blooming 
Grove Orange New York 94 73.35 2.67  491  
Chester Orange New York 64 72.75 2.07  479  
Cornwall Orange New York 70 74.59 3.91  410  
Crawford Orange New York 102 71.23 0.54  196  
Deerpark Orange New York 172 71.73 1.05  116  
Goshen Orange New York 114 71.11 0.43  295  
Greenville Orange New York 79 72.05 1.37  137  
Hamptonburgh Orange New York 66 70.53 -0.15  175  
Highlands Orange New York 79 72.47 1.79  276  
Middletown Orange New York 14 73.28 2.60  3,869  
Minisink Orange New York 60 70.71 0.03  137  
Monroe Orange New York 56 73.60 2.91  1,363  
Montgomery Orange New York 133 70.88 0.19  428  
Mount Hope Orange New York 65 71.09 0.41  260  
New Windsor Orange New York 89 71.81 1.12  583  
Newburgh Orange New York 119 72.25 1.56  1,008  
Port Jervis Orange New York 7 73.46 2.78  3,116  
Tuxedo Orange New York 124 72.75 2.07  68  
Wallkill Orange New York 164 71.57 0.88  403  
Warwick Orange New Jersey 271 72.11 1.43  297  
Wawayanda Orange New York 93 70.45 -0.23  179  
Woodbury Orange New York 95 73.02 2.34  285  
Carmel Putnam New York 110 71.18 0.49  804  
Kent Putnam New York 104 71.40 0.72  330  
Patterson Putnam New York 88 70.35 -0.34  347  
Philipstown Putnam New York 122 72.67 1.99  155  
Putnam Valley Putnam New York 113 71.59 0.91  251  
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Southeast Fairfield Connecticut 89 70.68 0.00  500  
Queens Brooklyn New York 251 75.95 5.27  22,863  
Richmond Staten Island New York 113 76.36 5.68  7,634  
Clarkstown Rockland New York 104 74.02 3.34  2,090  
Haverstraw Rockland New York 60 72.22 1.54  1,137  
Orangetown Bergen New Jersey 60 74.12 3.44  1,540  
Ramapo Rockland New York 159 72.77 2.09  1,694  
Stony Point Rockland New York 70 72.22 1.54  347  
Babylon Nassau New York 109 73.62 2.94  4,621  
Brookhaven Suffolk New York 621 72.54 1.86  1,735  
East Hampton Suffolk New York 132 70.14 -0.54  203  
Huntington Nassau New York 225 73.26 2.58  2,095  
Islip Suffolk New York 238 73.40 2.72  3,216  
Riverhead Suffolk New York 162 71.09 0.41  386  
Shelter Island Suffolk New York 15 70.74 0.06  82  
Smithtown Suffolk New York 135 73.26 2.57  2,127  
Southampton Suffolk New York 290 70.88 0.20  239  
Southold Suffolk New York 81 70.91 0.23  364  
Bethel Sullivan New York 233 69.17 -1.51  49  
Callicoon Sullivan New York 128 68.49 -2.19  62  
Cochecton Sullivan New York 96 69.48 -1.20  36  
Delaware Sullivan New York 88 68.12 -2.56  76  
Fallsburg Sullivan New York 204 69.67 -1.01  154  
Forestburgh Sullivan New York 147 70.46 -0.23  40  
Fremont Sullivan New York 128 68.82 -1.86  27  
Highland Sullivan New York 126 71.67 0.99  47  
Liberty Sullivan New York 210 68.46 -2.22  118  
Lumberland Orange New York 123 71.35 0.67  39  
Mamakating Sullivan New York 254 72.45 1.77  114  
Neversink Sullivan New York 222 69.11 -1.57  41  
Rockland Sullivan New York 246 67.33 -3.35  41  
Thompson Sullivan New York 229 70.77 0.08  138  
Tusten Sullivan New York 127 71.56 0.88  29  
Denning Ulster New York 271 68.67 -2.01  6  
Esopus Ulster New York 94 72.76 2.07  196  
Gardiner Ulster New York 116 72.39 1.71  117  
Hardenburgh Ulster New York 211 67.80 -2.88  6  
Hurley Ulster New York 92 72.03 1.34  180  
Kingston Ulster New York 38 72.72 2.04  1,456  
Lloyd Ulster New York 82 72.36 1.68  293  
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Marbletown Ulster New York 142 71.38 0.70  106  
Marlborough Ulster New York 61 71.98 1.29  274  
New Paltz Ulster New York 87 72.19 1.51  369  
Olive Ulster New York 169 71.80 1.12  70  
Plattekill Ulster New York 91 71.12 0.43  277  
Rochester Ulster New York 230 72.04 1.36  80  
Rosendale Ulster New York 56 72.23 1.55  308  
Saugerties Ulster New York 162 72.84 2.15  271  
Shandaken Ulster New York 310 69.28 -1.41  24  
Shawangunk Ulster New York 147 71.69 1.01  215  
Ulster Ulster New York 70 73.46 2.78  396  
Wawarsing Ulster New York 349 72.08 1.40  96  
Woodstock Ulster New York 176 71.08 0.40  91  
Bedford Westchester New York 104 70.72 0.04  527  
Cortlandt Westchester New York 101 73.39 2.70  772  
Eastchester Westchester New York 13 75.46 4.77  4,829  
Greenburgh Westchester New York 81 74.36 3.68  2,503  
Harrison Westchester New York 47 73.33 2.65  1,430  
Lewisboro Westchester New York 74 70.92 0.24  420  
Mamaroneck Westchester New York 8 73.42 2.74  2,802  
Mount Kisco Westchester New York 7 70.63 -0.05  3,695  
Mount Pleasant Westchester New York 78 72.90 2.22  1,169  
Mount Vernon Westchester New York 12 77.07 6.38  14,460  
New Castle Westchester New York 59 71.12 0.44  751  
New Rochelle Westchester New York 20 74.40 3.72  5,809  
North Castle Westchester New York 67 71.13 0.45  408  
North Salem Westchester New York 59 70.67 -0.01  229  
Ossining Westchester New York 30 73.50 2.81  2,111  
Peekskill Westchester New York 11 73.42 2.74  3,973  
Pelham Westchester New York 6 74.90 4.22  4,750  
Pound Ridge Westchester New York 60 70.56 -0.12  201  
Rye Westchester New York 22 73.43 2.74  4,674  
Scarsdale Westchester New York 18 73.83 3.14  2,711  
Somers Westchester New York 83 70.41 -0.27  569  
White Plains Westchester New York 24 73.69 3.01  5,595  
Yonkers Westchester New York 48 76.27 5.58  10,163  
Yorktown Westchester New York 102 71.90 1.22  928  
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APPENDIX F: RELATIONSHIP BETWEEN LAND SURFACE TEMPERATURE AND 
MUNICPALITY POPULATION DENSITY 
 
Daytime Model Results  
Descriptive Statistics 
  Mean Std. Deviation N  
AV_SHIF 7.5043 6.80481 556  
LNPDEN 6.9258 1.58269 556  
 
Correlations 
    AV_SHIF LNPDEN  
Pearson Correlation AV_SHIF 1.000 .722  
  LNPDEN .722 1.000  
Sig. (1-tailed) AV_SHIF . .000  
  LNPDEN .000 .  
N AV_SHIF 556 556  
  LNPDEN 556 556  
 
Variables Entered/Removed 
Model Variables Entered Variables Removed Method  
1 LNPDEN . Enter  
a  All requested variables entered. 
b  Dependent Variable: AV_SHIF 
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Daytime Model Results Con’t 
Model Summary 








        Durbin-
Watson 
  




df1 df2 Sig. F 
Change 
  
1 .722 .522 .521 4.71019 .522 604.373 1 554 .000 1.366  
a  Predictors: (Constant), LNPDEN 
b  Dependent Variable: AV_SHIF 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 13408.550 1 13408.550 604.373 .000  
  Residual 12290.975 554 22.186     
  Total 25699.525 555       
a  Predictors: (Constant), LNPDEN 
b  Dependent Variable: AV_SHIF 
Coefficients 
    Unstandardized 
Coefficients 
  Standardized 
Coefficients 
t Sig. Correlations     
Model   B Std. 
Error 
Beta     Zero-order Partial Part  
1 (Constant) -14.005 .897   -
15.605 
.000       
  LNPDEN 3.106 .126 .722 24.584 .000 .722 .722 .722  
a  Dependent Variable: AV_SHIF 
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Nighttime Model Results  
Descriptive Statistics 
  Mean Std. Deviation N   
AV_NIGHTTI 3.1356 2.67608 559  
LNAVPD 6.9413 1.59313 559  
 
Correlations 
    AV_NIGHTTI LNAVPD  
Pearson Correlation AV_NIGHTTI 1.000 .784   
  LNAVPD .784 1.000   
Sig. (1-tailed) AV_NIGHTTI . .000   
  LNAVPD .000 .   
N AV_NIGHTTI 559 559   
  LNAVPD 559 559   
 
Variables Entered/Removed 
Model Variables Entered Variables Removed Method  
1 LNAVPD . Enter   
a  All requested variables entered. 
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Nighttime Model Results Con’t 
Model Summary 








        Durbin-
Watson 
  




df1 df2 Sig. F 
Change 
    
1 .784 .615 .614 1.66203 .615 889.621 1 557 .000 1.157   
a  Predictors: (Constant), LNAVPD 
b  Dependent Variable: AV_NIGHTTI 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 2457.431 1 2457.431 889.621 .000  
  Residual 1538.620 557 2.762     
  Total 3996.051 558       
a  Predictors: (Constant), LNAVPD 
b  Dependent Variable: AV_NIGHTTI 
Coefficients 
  Unstandardized 
Coefficients 
  Standardized 
Coefficients 




  Correlations     
Model B Std. 
Error 




Zero-order Partial Part  
1 -6.008 .315   -
19.102 
.000 -6.626 -5.390       
  1.317 .044 .784 29.827 .000 1.231 1.404 .784 .784 .784  
a  Dependent Variable: AV_NIGHTTI
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APPENDIX G: RELATIONSHIP BETWEEN BRIGHTNESS TEMPERATURE, NDVI AND 




Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson  
1 .808 .652 .652 2.1671275 .260  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: Brightness Temperature 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 7583813.238 1 7583813.238 1614799.838 .000  
  Residual 4040691.603 860373 4.696     
  Total 11624504.841 860374       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: Brightness Temperature 
 
Coefficients 
    Unstandardized Coefficients   Standardized Coefficients t Sig.  
Model   B Std. Error Beta     
1 (Constant) 86.193 .003   31122.837 .000  
  NDVI -22.398 .018 -.808 -1270.748 .000  
a  Dependent Variable: Brightness Temperature 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 76.830849 94.992432 84.303466 2.9689315 860375  
Residual -17.078615 13.199387 .000000 2.1671263 860375  
Std. Predicted Value -2.517 3.600 .000 1.000 860375  
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Std. Residual -7.881 6.091 .000 1.000 860375  
a  Dependent Variable: Brightness TemperaturLULC 111 – Developed Highly (>75% 
impervious) 
Model Summary 
 R R Square Adjusted R Square Std. Error of the Estimate 
1 .582 .338 .338 2.6901160 
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
 
ANOVA 
Model  Sum of Squares df Mean Square F Sig. 
1 Regression 131061.793 1 131061.793 18110.652 .000 
 Residual 256339.241 35422 7.237   
 Total 387401.034 35423    
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
 
Coefficients 
a  Dependent Variable: SOMBB61 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.989120 93.034897 89.387512 1.9235141 35424  
Residual -12.375350 13.541461 .000000 2.6900780 35424  
  Unstandardized Coefficients  Standardized Coefficients t Sig. 
Model  B Std. Error Beta   
1 (Constant) 86.644 .025  3479.877 .000 
 NDVI -19.812 .147 -.582 -134.576 .000 
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Std. Predicted Value -5.406 1.896 .000 1.000 35424  
Std. Residual -4.600 5.034 .000 1.000 35424  





Appendix G 196 
LULC 112 – Developed Moderately (50-75% impervious) 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate  
1 .728 .530 .530 2.0990614  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 853431.929 1 853431.929 193695.080 .000  
  Residual 756454.220 171685 4.406     
  Total 1609886.149 171686       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
Coefficients 
    Unstandardized Coefficients   Standardized Coefficients t Sig.  
Model   B Std. Error Beta     
1 (Constant) 86.579 .005   16964.802 .000  
  NDVI -22.261 .051 -.728 -440.108 .000  
a  Dependent Variable: SOMBB61 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 77.554680 93.669762 86.307270 2.2295489 171687  
Residual -12.292851 10.454795 .000000 2.0990553 171687  
Std. Predicted Value -3.926 3.302 .000 1.000 171687  
Std. Residual -5.856 4.981 .000 1.000 171687  
a  Dependent Variable: SOMBB61 
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LULC 113 – Developed Lightly - Wooded (25-50% impervious) 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate  
1 .592 .351 .351 1.7344891  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 116051.733 1 116051.733 38575.225 .000  
  Residual 214698.211 71365 3.008     
  Total 330749.944 71366       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
Coefficients 
    Unstandardized Coefficients   Standardized Coefficients t Sig.  
Model   B Std. Error Beta     
1 (Constant) 85.046 .015   5823.477 .000  
  NDVI -16.363 .083 -.592 -196.406 .000  
a  Dependent Variable: SOMBB61 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 79.172005 90.026123 82.476744 1.2752054 71367  
Residual -6.779321 10.685824 .000000 1.7344770 71367  
Std. Predicted Value -2.592 5.920 .000 1.000 71367  
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Std. Residual -3.909 6.161 .000 1.000 71367  
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LULC 114 – Developed Lightly - Unwooded (25-50% impervious) 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate  
1 .697 .486 .486 2.0800263  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 370174.140 1 370174.140 85559.534 .000  
  Residual 391544.786 90499 4.327     
  Total 761718.926 90500       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
Coefficients 
    Unstandardized Coefficients   Standardized Coefficients t Sig.  
Model   B Std. Error Beta     
1 (Constant) 87.324 .007   11659.171 .000  
  NDVI -21.803 .075 -.697 -292.506 .000  
a  Dependent Variable: SOMBB61 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.376534 92.936630 85.852355 2.0685146 214987  
Residual -13.584205 8.502859 .000000 2.0722151 214987  
Std. Predicted Value -3.614 3.425 .000 1.000 214987  
Std. Residual -6.555 4.103 .000 1.000 214987  
a  Dependent Variable: SOMBB61 
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LULC 120 – Upland Forest 
Model Summary 
Model  R R Square Adjusted R Square Std. Error of the Estimate  
1 .706 .499 .499 2.0722199  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 919871.958 1 919871.958 214217.873 .000  
  Residual 923166.073 214985 4.294     
  Total 1843038.031 214986       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
Coefficients 
    Unstandardized 
Coefficients 
  Standardized 
Coefficients 
t Sig. Correlations     
Model   B Std. 
Error 
Beta     Zero-order Partial Part  
1 (Constant) 86.740 .005   17836.891 .000       
  NDVI -20.008 .043 -.706 -462.837 .000 -.706 -.706 -
.706 
  
a  Dependent Variable: SOMBB61 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.376534 92.936630 85.852355 2.0685146 214987  
Residual -13.584205 8.502859 .000000 2.0722151 214987  
Std. Predicted Value -3.614 3.425 .000 1.000 214987  
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Std. Residual -6.555 4.103 .000 1.000 214987  
a  Dependent Variable: SOMBB61  
 
Appendix G 202 
 
LULC 140 - Bare Land 
Model Summary 
Model  R R Square Adjusted R Square Std. Error of the Estimate  
1 .625 .391 .391 1.7742680  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 424901.208 1 424901.208 134973.816 .000  
  Residual 662505.415 210451 3.148     
  Total 1087406.622 210452       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
Coefficients 
    Unstandardized 
Coefficients 
  Standardized 
Coefficients 
t Sig. Correlations     
Model   B Std. 
Error 
Beta     Zero-order Partial Part  
1 (Constant) 84.982 .010   8341.316 .000       
  NDVI -17.330 .047 -.625 -367.388 .000 -.625 -.625 -
.625 
  
a  Dependent Variable: SOMBB61 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.349342 90.300964 81.519058 1.4209129 210453  
Residual -11.850052 10.264008 .000000 1.7742638 210453  
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Std. Predicted Value -2.231 6.180 .000 1.000 210453  
Std. Residual -6.679 5.785 .000 1.000 210453  
a  Dependent Variable: SOMBB61 
 
Appendix G 204 
LULC 160 – Unconsolidated Shore 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate  
1 .444 .197 .197 2.4542264  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 16383.047 1 16383.047 2719.978 .000  
  Residual 66887.938 11105 6.023     
  Total 83270.985 11106       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
Coefficients 
    Unstandardized 
Coefficients 
  Standardized 
Coefficients 
t Sig. Correlations     
Model   B Std. 
Error 
Beta     Zero-order Partial Part  
1 (Constant) 86.539 .031   2788.214 .000       
  NDVI -10.057 .193 -.444 -52.153 .000 -.444 -.444 -
.444 
  
a  Dependent Variable: SOMBB61 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 82.998962 90.365654 87.608741 1.2145587 11107  
Residual -12.096519 9.749046 .000000 2.4541159 11107  
Std. Predicted Value -3.795 2.270 .000 1.000 11107  
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Std. Residual -4.929 3.972 .000 1.000 11107  
a  Dependent Variable: SOMBB61 
 
Appendix G 206 
LULC 200 – Estuarine Emergent Wetland 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate  
1 .466 .217 .216 4.3068176  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 5050.342 1 5050.342 272.275 .000  
  Residual 18214.801 982 18.549     
  Total 23265.143 983       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
Coefficients 
    Unstandardized 
Coefficients 
  Standardized 
Coefficients 
t Sig. Correlations     
Model   B Std. 
Error 
Beta     Zero-order Partial Part  
1 (Constant) 84.412 .147   573.901 .000       
  NDVI -17.150 1.039 -.466 -16.501 .000 -.466 -.466 -
.466 
  
a  Dependent Variable: SOMBB61 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.494408 90.254303 85.282395 2.2666457 984  
Residual -12.512992 10.417306 .000000 4.3046264 984  
Std. Predicted Value -2.995 2.194 .000 1.000 984  
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Std. Residual -2.905 2.419 .000 .999 984  
a  Dependent Variable: SOMBB61 
 
Appendix G 208 
LULC 240 – Palustrine (Woody) Wetland 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate  
1 .414 .171 .171 1.9022599  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 38153.860 1 38153.860 10543.839 .000  
  Residual 184341.976 50943 3.619     
  Total 222495.836 50944       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
Coefficients 
    Unstandardized 
Coefficients 
  Standardized 
Coefficients 
t Sig. Correlations     
Model   B Std. 
Error 
Beta     Zero-order Partial Part  
1 (Constant) 83.000 .024   3433.586 .000       
  NDVI -11.305 .110 -.414 -102.683 .000 -.414 -.414 -
.414 
  
a  Dependent Variable: SOMBB61 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.923973 86.686043 80.673367 .8654116 50945  
Residual -10.189441 10.089591 .000000 1.9022413 50945  
Std. Predicted Value -2.021 6.948 .000 1.000 50945  
 
Appendix G 209 
Std. Residual -5.356 5.304 .000 1.000 50945  
a  Dependent Variable: SOMBB61
 
Appendix G 210 
LULC 250 – Water 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate  
1 .167 .028 .027 3.0255069  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 763.937 1 763.937 83.457 .000  
  Residual 26710.474 2918 9.154     
  Total 27474.411 2919       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: SOMBB61 
Coefficients 
    Unstandardized 
Coefficients 
  Standardized 
Coefficients 
t Sig. Correlations     
Model   B Std. 
Error 
Beta     Zero-order Partial Part  
1 (Constant) 80.934 .059   1370.798 .000       
  NDVI -3.451 .378 -.167 -9.135 .000 -.167 -.167 -
.167 
  
a  Dependent Variable: SOMBB61 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 79.705544 82.289864 81.105155 .5115778 2920  
Residual -6.789834 18.066359 .000000 3.0249887 2920  
Std. Predicted Value -2.736 2.316 .000 1.000 2920  
 
Appendix G 211 
Std. Residual -2.244 5.971 .000 1.000 2920  
a  Dependent Variable: SOMBB61 
 
Appendix H 212 
APPENDIX H: RELATIONSHIP BETWEEN BRIGHTNESS TEMPERATURE, NDVI 
AND RESIDENTIAL MINIMUM LOT SIZE 
 
ALL CASES - 115,341 
Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson  
1 .847 .717 .717 1.7346492 1.195  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: Brightness Temperature (F) 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 879290.296 1 879290.296 292219.359 .000  
  Residual 347055.937 115339 3.009     
  Total 1226346.233 115340       
a  Predictors: (Constant), NDVI 
b  Dependent Variable: Brightness Temperature (F) 
Coefficients 
    Unstandardized 
Coefficients 
  Standardized 
Coefficients 
t Sig. Correlations     
Model   B Std. 
Error 
Beta     Zero-order Partial Part  
1 (Constant) 86.808 .005   16788.158 .000       
  NDVI -25.577 .047 -.847 -540.573 .000 -.847 -.847 -
.847 
  
a  Dependent Variable: Brightness Temperature (F) 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.224136 94.312103 86.372308 2.7610620 115341  
Residual -9.744796 7.505029 .000000 1.7346416 115341  
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Std. Predicted Value -2.951 2.876 .000 1.000 115341  
Std. Residual -5.618 4.327 .000 1.000 115341  
a  Dependent Variable: Brightness Temperature (F) 
  
 
Appendix H 214 
Category 1 – Less than 0.10 Acre 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .674 .454 .454 1.8090027  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 111020.693 1 111020.693 33925.442 .000  
  Residual 133704.153 40857 3.272     
  Total 244724.846 40858       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
Coefficients 














  B Std. 
Erro
r 




















a  Dependent Variable: TBAVG 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
 
Appendix H 215 
Predicted Value 80.656357 93.362045 88.469701 1.6484031 40859  
Residual -9.393563 5.879519 .000000 1.8089805 40859  
Std. Predicted Value -4.740 2.968 .000 1.000 40859  
Std. Residual -5.193 3.250 .000 1.000 40859  
a  Dependent Variable: TBAVG 
 
Appendix H 216 
Category 2 – 5,000 to 6,000 Sqft (0.1 to 0.15 Acres)  
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .761 .580 .580 1.7155213  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 23263.600 1 23263.600 7904.687 .000  
  Residual 16875.238 5734 2.943     
  Total 40138.838 5735       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
Coefficients 














  B Std. 
Erro
r 




















a  Dependent Variable: TBAVG 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 79.615273 93.136612 87.226831 2.0140570 5736  
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Residual -7.059044 5.540270 .000000 1.7153717 5736  
Std. Predicted Value -3.779 2.934 .000 1.000 5736  
Std. Residual -4.115 3.229 .000 1.000 5736  
a  Dependent Variable: TBAVG 
 
Appendix H 218 
Category 3 – 7,000 to 8,000 Sq Ft (0.15 – 0.2 Acres) 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .735 .540 .540 1.7033724  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 26724.659 1 26724.659 9210.707 .000  
  Residual 22721.470 7831 2.901     
  Total 49446.129 7832       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
Coefficients 
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a  Dependent Variable: TBAVG 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 79.337616 93.248085 86.966126 1.8472248 7833  
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Residual -6.675822 6.362595 .000000 1.7032636 7833  
Std. Predicted Value -4.130 3.401 .000 1.000 7833  
Std. Residual -3.919 3.735 .000 1.000 7833  
a  Dependent Variable: TBAVG 
 
Appendix H 220 
Category 4 – 10,000 to 12,000 Sqft (0.2 to 0.4Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate 
1 .724 .524 .524 1.7557689 
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 33620.273 1 33620.273 10906.026 .000  
  Residual 30485.062 9889 3.083     
  Total 64105.336 9890       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 
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a  Dependent Variable: TBAVG 
 
Appendix H 221 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 79.758430 92.979729 86.381087 1.8437519 9891  
Residual -8.094267 5.959122 .000000 1.7556801 9891  
Std. Predicted Value -3.592 3.579 .000 1.000 9891  
Std. Residual -4.610 3.394 .000 1.000 9891  
a  Dependent Variable: TBAVG 
 
Appendix H 222 
Category 5 – 15,000 to 18,000 Sqft (0.3 – 0.4 Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .740 .548 .548 1.7259376  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 19214.842 1 19214.842 6450.400 .000  
  Residual 15856.475 5323 2.979     
  Total 35071.317 5324       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 














  B Std. 
Erro
r 




















a  Dependent Variable: TBAVG 
 
Appendix H 223 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.712982 92.588150 85.617338 1.8997628 5325  
Residual -7.024150 6.325961 .000000 1.7257755 5325  
Std. Predicted Value -3.634 3.669 .000 1.000 5325  
Std. Residual -4.070 3.665 .000 1.000 5325  
a  Dependent Variable: TBAVG 
Category 6 – 20,000 to 22,000 Sqft (0.41 – 0.5 Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .772 .595 .595 1.6273390  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 24035.408 1 24035.408 9076.020 .000  
  Residual 16329.000 6166 2.648     
  Total 40364.408 6167       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 












Mode   B Std. Beta     Lower Upper Zero-order  
 



















a  Dependent Variable: TBAVG 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.513351 93.213524 85.425323 1.9741892 6168  
Residual -7.366452 5.995117 .000000 1.6272071 6168  
Std. Predicted Value -3.501 3.945 .000 1.000 6168  
Std. Residual -4.527 3.684 .000 1.000 6168  
a  Dependent Variable: TBAVG 
 
Appendix H 225 
Category 7 – 24,000 to 25,000 Sqft (0.51 – 0.6 Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .803 .645 .645 1.6868306  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 16467.297 1 16467.297 5787.345 .000  
  Residual 9048.364 3180 2.845     
  Total 25515.660 3181       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 
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a  Dependent Variable: TBAVG 
 
Appendix H 226 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.592712 93.644234 85.634304 2.2752510 3182  
Residual -7.051071 6.210081 .000000 1.6865654 3182  
Std. Predicted Value -3.095 3.520 .000 1.000 3182  
Std. Residual -4.180 3.682 .000 1.000 3182  
a  Dependent Variable: TBAVG 
Category 8 – ¾ Acres (0.61 to 0.8 Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .788 .620 .620 1.6521463  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 19919.260 1 19919.260 7297.535 .000  
  Residual 12187.607 4465 2.730     
  Total 32106.867 4466       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 












Mode   B Std. Beta     Lower Upper Zero-order  
 



















a  Dependent Variable: TBAVG 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.209702 92.007584 84.794292 2.1119189 4467  
Residual -7.596944 5.906808 .000000 1.6519613 4467  
Std. Predicted Value -3.118 3.416 .000 1.000 4467  
Std. Residual -4.598 3.575 .000 1.000 4467  
a  Dependent Variable: TBAVG 
 
Appendix H 228 
Category 9 – 40,000 to 43,560 (0.81 to 1 Acre) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .802 .643 .643 1.4474900  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 27650.321 1 27650.321 13196.813 .000  
  Residual 15345.444 7324 2.095     
  Total 42995.765 7325       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 
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a  Dependent Variable: TBAVG 
 
Appendix H 229 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.269409 93.039497 84.292161 1.9428813 7326  
Residual -8.166265 6.151990 .000000 1.4473912 7326  
Std. Predicted Value -3.100 4.502 .000 1.000 7326  
Std. Residual -5.642 4.250 .000 1.000 7326  
a  Dependent Variable: TBAVG 
 
Appendix H 230 
Category 10 – 50,000 Sqft (1 to 1.3 Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .869 .755 .755 1.5702784  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 














  Residual 19617.70
1 
7956 2.466     
  Total 80063.70
1 
7957       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 














  B Std. 
Erro
r 












  NDVIAV -30.026 .192 -.869 -156.569 .00 -30.402 - -.869  
 
Appendix H 231 
G 0 29.65
1 
a  Dependent Variable: TBAVG 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.087372 94.385735 84.999549 2.7561897 7958  
Residual -9.837822 7.167378 .000000 1.5701798 7958  
Std. Predicted Value -2.508 3.405 .000 1.000 7958  
Std. Residual -6.265 4.564 .000 1.000 7958  
a  Dependent Variable: TBAVG 
 
Appendix H 232 
Category 11 – 60,000 to 65,340 Sqft (1.31 to 1.5 Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .845 .714 .714 1.5215210  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 33025.395 1 33025.395 14265.668 .000  
  Residual 13237.320 5718 2.315     
  Total 46262.715 5719       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 
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a  Dependent Variable: TBAVG 
 
Appendix H 233 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.164413 92.711273 83.010746 2.4030564 5720  
Residual -6.222034 5.220915 .000000 1.5213880 5720  
Std. Predicted Value -2.017 4.037 .000 1.000 5720  
Std. Residual -4.089 3.431 .000 1.000 5720  
a  Dependent Variable: TBAVG 
 
Appendix H 234 
Category 12 – 2 Acres (1.51 to 2.9 Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .880 .774 .774 1.6714045  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 39258.246 1 39258.246 14052.958 .000  
  Residual 11453.732 4100 2.794     
  Total 50711.978 4101       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 
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a  Dependent Variable: TBAVG 
 
Appendix H 235 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 77.880852 93.649780 84.114795 3.0940018 4102  
Residual -8.941118 5.749624 .000000 1.6712008 4102  
Std. Predicted Value -2.015 3.082 .000 1.000 4102  
Std. Residual -5.349 3.440 .000 1.000 4102  
a  Dependent Variable: TBAVG 
 
Appendix H 236 
Category 13 – 130,000 to 137,500 Sqft (2.91 to 4 Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .859 .738 .738 1.5978173  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 14382.268 1 14382.268 5633.433 .000  
  Residual 5111.146 2002 2.553     
  Total 19493.414 2003       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 
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a  Dependent Variable: TBAVG 
 
Appendix H 237 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.196571 93.258034 83.452675 2.6796200 2004  
Residual -7.138078 5.600124 .000000 1.5974184 2004  
Std. Predicted Value -1.962 3.659 .000 1.000 2004  
Std. Residual -4.467 3.505 .000 1.000 2004  
a  Dependent Variable: TBAVG 
 
Appendix H 238 
Category 14 – 218,750 Sqft (4.01 to 8 Acres) 
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .877 .769 .769 1.4603709  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 16189.782 1 16189.782 7591.274 .000  
  Residual 4873.181 2285 2.133     
  Total 21062.963 2286       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 
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a  Dependent Variable: TBAVG 
 
Appendix H 239 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 77.947929 92.129105 82.738472 2.6612298 2287  
Residual -6.712930 6.584751 .000000 1.4600514 2287  
Std. Predicted Value -1.800 3.529 .000 1.000 2287  
Std. Residual -4.597 4.509 .000 1.000 2287  
a  Dependent Variable: TBAVG 
 




  R R Square Adjusted R Square Std. Error of the Estimate  
1 .894 .799 .799 1.4955444  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 7630.098 1 7630.098 3411.391 .000  
  Residual 1916.812 857 2.237     
  Total 9546.910 858       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 
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a  Dependent Variable: TBAVG 
 
Appendix H 241 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 78.018570 92.743256 83.300540 2.9820946 859  
Residual -6.511429 3.813965 .000000 1.4946726 859  
Std. Predicted Value -1.771 3.166 .000 1.000 859  
Std. Residual -4.354 2.550 .000 .999 859  
a  Dependent Variable: TBAVG 
Category 16  
 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .901 .812 .812 1.3425523  
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 4709.717 1 4709.717 2612.957 .000  
  Residual 1088.678 604 1.802     
  Total 5798.394 605       
a  Predictors: (Constant), NDVIAVG 
b  Dependent Variable: TBAVG 
 
Coefficients 












Mode   B Std. Beta     Lower Upper Zero-order  
 



















a  Dependent Variable: TBAVG 
 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 77.694435 91.717873 83.278084 2.7900995 606  
Residual -7.355354 4.273395 .000000 1.3414423 606  
Std. Predicted Value -2.001 3.025 .000 1.000 606  
Std. Residual -5.479 3.183 .000 .999 606  
a  Dependent Variable: TBAVG 
 
Category 17 -  Greater than 20 Acres 
Model Summary 
  R R Square Adjusted R Square Std. Error of the Estimate  
1 .897 .804 .804 1.3858647  
a  Predictors: (Constant), NDVI 
b  Dependent Variable: Brightness Temperature (F) 
 
ANOVA 
Model   Sum of Squares df Mean Square F Sig.  
1 Regression 8007.129 1 8007.129 4169.032 .000  
  Residual 1951.351 1016 1.921     
  Total 9958.480 1017       
a  Predictors: (Constant), NDVI 
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b  Dependent Variable: Brightness Temperature (F) 
Coefficients 
    Unstandardized Coefficients   Standardized Coefficients t Sig.  
Model   B Std. Error Beta     
1 (Constant) 86.799 .065   1333.629 .000  
  NDVI -28.662 .444 -.897 -64.568 .000  
a  Dependent Variable: Brightness Temperature (F) 
Residuals Statistics 
  Minimum Maximum Mean Std. Deviation N  
Predicted Value 77.616051 92.279465 83.669657 2.8059372 1018  
Residual -9.128118 3.665517 .000000 1.3851832 1018  
Std. Predicted Value -2.157 3.068 .000 1.000 1018  
Std. Residual -6.587 2.645 .000 1.000 1018  
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